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CHAPTER 1 - INTRODUCTION 
The Internet is a diverse collection of files, computers, networks, Web clients and 
server software. The World Wide Web cyvww, or Web) is a computer protocol developed for 
exchanging different kinds of files among these components of the Internet. It is able to 
display and deliver a wide variety of multimedia information, including text, images, audio, 
and video, etc., simply by pointing and clicking. The user can navigate in this ocean of 
information without the knowledge of the complicated technologies which enable these 
functions. The brilliant capability in information delivery and interchange of the WWW makes 
it one of the most significant breakthroughs in communication technology. 
A. Brief History of the Internet 
In 1957, the U.S. government created ARPA (the Advanced Research Projects 
Agency) in order to catch up with U.S.S.R. on the space race. In 1969, the Department of 
Defense commissioned the ARPAnet to be created for research into networking protocols. In 
1982, the TCP/IP protocol (Transmission Control Protocol/Internet Protocol), a collection of 
protocols that allow divergent networking platforms to interchange information, was adopted 
as a standard for this network of computers. It is hardware-independent and is carried along 
on top of whatever hardware-based protocol is being used. In 1983, the University of 
California at Berkeley released a version of their Unix operating system, which incorporated 
the TCP/IP protocol. Unix was running on many of the computers connected to ARPAnet, 
and so the included protocol became the standard for connecting to the ARPAnet. Since then, 
the Internet grows explosively. 
Statistics shows the meteoric growth of the Internet: In 1983, there were 500 Internet 
hosts. By the end of 1986, there were 5,000 Internet hosts. In 1989, there were over 100,000 
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hosts on the Internet. By 1992, the number was over 1,000,000. It took twenty years for the 
original ARPAnet to reach the 1,000,000 mark, and within one year of reaching that mark it 
was doubled. By the end of 1994, the Internet had over 4,000,000 hosts connected (Ritchey 
1995, p.4). The Internet is still expanding and will become a part of our everyday life. 
B. An Overview of the WWW 
At the beginning of the Internet, much of the Internet was accessed by computers that 
had UNIX operating system whose text command based systems is hard to learn. There has 
been continuous efforts to make the Internet user-friendlier and be able to work on any kind of 
computer system since the early 80s. The exponential growth of usage in 90s has been mainly 
attributed to the advent of the WWW, which is developed at the European particle physics 
search laboratory CERN in Switzerland, by Tim Bemers-Lee and his colleagues in 1990. The 
term "Web" here refers to the "boundless information world", which is accessible to everyone 
with a connection to the Internet. The Web is designed to be a wide-open, public place, and 
from its inception, the WWW project has intended to encompass all existing methods of 
network information navigation and retrieval. 
The Web still had a text based interface until the National Center for Supercomputing 
Applications (NCSA) at the University of Illinois, developed a graphical interface for the Web 
in April 1993. This interface was known as Mosaic which uses the pointing and clicking as the 
main navigational tool. NCSA Mosaic Web browser revolutionized the way people looking at 
the Internet and enabled a wide audience of first-time users to explore the Web. 
One year later, in December 1994, Netscape's Navigator was released by Netscape 
Communications Corporation. It is a tool that provides an easy way for anyone with a 
connection to the Internet to view documents and interact with them. This browser gave 
another boost to the popularity of the Internet. Netscape has a host of features which makes it 
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stand apart from the competition. First, it has a feature "called 'document caching and multiple 
document loading' that enable it to download information from the Internet faster than other 
programs using the same hardware" (Dupuy 1995, p.6). Secondly, Netscape can support 
many Internet services besides the access of Web. It can send and receive electronic mail, 
share information from USENET News, browse Gopher Menus (Gopher), and get files from 
FIP sites. Thirdly, Netscape is easy to use. It is a point-and-click kind of system, and its 
navigation structure and interface is well designed. Moreover, it is almost free. Every day, 
hundreds of companies, agencies, research institutions, universities and individuals add their 
sites to the WWW. Now more and more people use the Web to obtain and send information 
because its quickness, excellent accessibility, and low cost. Many of them who originally 
worked on the NCSA Mosaic Web browser now switch to Netscape. The navigation tools of 
the Netscape will be discussed in this thesis in order to approach a better understanding of the 
navigation for individual Web site. 
Generally a Web service combines a few key new technologies with existing Internet 
services. One of the outstanding features of the Web is that Web sites are multimedia, which 
means that they include text, images, animation, audio, and video. Another very distinctive 
feature is that the Web document contains the links which refers to the other Web documents. 
The third unique feature of the Web is that it uses the Internet to connect the client and the 
server. So a variety of computers and networks interoperate and the data can be exchanged 
among them. The fourth key feature is the client and server software. The Web uses the 
Hyper Text Transport Protocol (HTIP), a standard set of rules that all WWW programs 
follows. Every one of the millions of the Web browsers can access information on any of 
thousands of servers around the world. 
The Web is, to a great extent, a synthesis of what has been accomplished by the 
computer and information sciences in the last two decades. There are three important new 
technologies which made these unique features possible: The first, the Uniform Resource 
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Locator (URL), allowing almost any kind of information to be retrieved from almost anywhere 
on the Internet. The second, the Hyper-Text Transport Protocol (HTTP), allowing many 
different programs to work together. The third, the Hypertext Markup Language (HTML), 
allowing designer to create multimedia hypertext that can be used by any Web browser. 
c. Objective of the Thesis 
It is the objectiv~ of this thesis to define and apply visual design principles which are 
important for Web site design based on the awareness of the current capabilities and limitations 
of Web publishing technologies and human factors in human-computer interaction. 
Web site design spans the fields of graphic design, computer science, ergonomics, 
psychology, sociology, economy, and so on. Early Web site design was usually performed by 
computer programmers with limited knowledge of visual communication. Web design is 
heavily dependent on the computer technologies. Many books had been published which 
focused on the technical issues of this new medium, such as how to use Internet, HTML, 
HTML editors, and so on. Studies of Web users' needs and their performance, as well as the 
artistic visual effects of the Web site were more or less ignored. As WWW became 
increasingly popular and useful, more and more professionals from various disciplines become 
involved in Web site design. Several books addressing the aspect of visual output in Web site 
design have been published (Niederst, 1996; Pfaffenberger, 1995; Sano, 1996; Siegel, 1995; 
Weinman, 1996a; and Wilson, 1996) and some user studies have been performed (December 
1997; Nielsen 1994; Nielsen 1996a; Nielsen 1996b). However, none of these authors focused 
their analysis on the application of visual design principles based on the understanding of the 
technologies and human cognitive psychology. To understand the user and the technologies of 
the new medium is very important in designing an effective human computer communication 
system. The proper application of visual elements and design principles to Web site design is 
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the path to achieve the communicational function as well as a pleasing visual experience. 
Consequently, an effective visual communication could not be achieved without the employing 
the following characteristics: understanding of the capabilities and limitations of the computer 
technology for Web publishing, understanding of the users, organizing an information 
structure and navigation, and utilizing visual design principles. 
The methodology utilized in this thesis takes the following approach. It starts by 
studying the available literature to identify primary technical factors that influence the decision 
making of Web site design. The second step is to understand the behavior of users based on 
both theories of human psychology and reports of the user studies. With the knowledge of 
current technologies and Web users, the guidelines of establishing navigational information 
structure of a Web site will be proposed. Design principles in organizing visual elements to 
present the information on the Web site will be discussed. An experimental design of a Web 
site provides reconfirmation of the appropriateness of the principles suggested in this study. 
There are six chapters in this thesis. Chapter One, Introduction, provides a brief 
history of Internet and WWW. The purpose and methodology of this thesis are defined. 
Chapter Two, The Features of the WWW, summarizes the capabilities and limitations of the 
current technologies related to Web site design. Chapter Three, Understanding the Users, 
analyzes human factors in Web site design based on the discussion of human cognitive 
psychology. Chapter Four, Organizing Visual Elementsfor Effective Communication, 
discusses visual elements and information structure of a Web site. Design principles which are 
important in achieving an effective visual communication system are also suggested. Chapter 
Five, is Application of Design Principles through the Critiques and Design o/Web Sites. Two 
existing Web sites are critiqued based on the proposed evaluation matrix. The experimental 
Web site design of the author is also analyzed, according to the design principles suggested in 
the previous chapters. Chapter Six is the Conclusion. 
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The explosive development of computer and network technology assures the fast 
change in electronic publishing and communication. Rather than trying to cover every aspect 
of the existed achievements or predict the future development, the current research is intended 
to lay the foundation for further exploration of visual design in electronic media. 
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CHAPTER 2 - THE FEATURES OF THE WORLD WIDE WEB 
The attached diagram (see Figure 2-1) shows how people use the Internet to exchange 
various forms of information. It shows the World Wide Web is given birth by the combination 
of hypermedia and Internet technology. The server stores huge amount hypermedia files. The 
browser (or client) allows users access to files stored on the server. The data transfer between 
them is enabled by adopting standard protocols such as FTP, HTTP, NTTP and so on. 
Therefore the Web browser becomes the front end of the Internet. It shields users from all the 
details of addressing the requests and responses, formatting them for the Internet, negotiating 
between computers, and presenting the information on-screen (Wilson 1995, p7). It opens the 
door of Internet to ordinary users. 
There are many different Web browsers on the market, Mosaic, Internet Explorer, 
MacWeb, just to name a few. Netscape Navigator, created by Netscape Communications 
Corporation, is one of the major Web browsers. It allows the user to view and scroll the pages 
while the computer is still loading the documents. Netscape Navigator 2.0 released in 
February 1996 has two major technical changes from previous versions: the incorporation of a 
Java interpreter and the capability of adding "plug-ins". More recently released Netscape 
Navigator 3.0 (Altas version) contains new features such as A VI digital movie player and 
CoolTalk. These technical advances boost the multimedia function of the WWW. It also 
makes Netscape Navigator the most frequently used browser. It reportedly has captured 70-85 
percent of the Web browser business. In February 1996 it was estimated the Netscape gets 40 
million hits per day, and by April 199650 million hits per day (Ressler 1997, p.60). In this 
chapter, Netscape Navigator is used as an example to illustrate the basic features of Web 
browsers and WWW. 
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Web browser technology makes Web site design a greatly different task than design for 
printing. All the aspects of Web site design: the content, information structure, navigation, 
interactivity, visual impact are largely based on fast changing Web technologies. "Web 
designers need to immerse themselves in these emerging technologies, play with their 
capabilities, and let the possibilities stimulating their imaginations" (Wilson 1995, p.2). This 
chapter is a brief overview of the most important features of Web browsers. The limitations of 
the current Web publishing technology are also discussed. 
A. Basic Elements 
The WWW resembles a huge library that contains millions of "books" covering nearly 
every conceivable topic and presents them in various media forms. A Web site then, like a 
printed book, has all the elements a book has: book cover, table of contents, body text, 
bibliography, and index. The cover of a Web site usually is called "homepage" or "entry page" 
which is the first page of a Web site. The table of contents on a Web site is called "structure 
map" or "navigation map" which gives the structure of the site (see Figure 2-2). The "core 
page" on a Web site functions as the body text in a printed book. A bibliography still has its 
place on a Web site, which is called "credit". It acknowledges the designers, owners and! or 
sponsors of the site. The index, however, are now hotlinks which are used to reach desired 
information. On the WWW, the pages are labeled and organized consistently by the Uniform 
Resource Locator (URL). However, the WWW is much more than an electronic collection of 
printed documents. 
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Figure 2-2. The "Map" page of the Landor Association's Web site. 
1. Hypermedia and Hyper-Text Transport Protocol (HTTP) 
Hyper-Text Transport Protocol (HTIP) is a native network protocol that governs the 
communications between browsers (or client) and hosts (or server) on the WWW.Itis a set of 
conventions, which interpret the requests, identify the location of the information, and select 
appropriate access protocol for retrieving documents. Using a Web browser, the users activate 
a link in the hypertext by a simple click. The browser then sends this request to a host 
computer indicated in the link for a specific document. The host computer sends the document 
and disconnects. The local computer then temporarily stores and displays the document on the 
screen. Again the newly retrieved document has links to other documents. Therefore 
theoretically a user can reach all the other sites on the Web starting from one site. Also a Web 
site can be read by anyone who has an access to the WWW around the world at the same time. 
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Not only text can be searched, transferred, and displayed this way, images, video, 
audio documents on the Web have the same function. All these multimedia forms are called 
hypermedia. This hypermedia environment opens a whole new domain in communication. 
2. Uniform Resource Locator (URL) 
URL is a unifying syntax for the expression of names and addresses of objects on the 
network. It is designed to provide global search and readership of documents across different 
computing platforms, protocols, and data formats. A URL shows an access path composed of 
four parts: the necessary protocol, the Internet address of the host computer that contains the 
resource, the location of the resource in the host computer's local file directory system, and 
HTML document's name. The following is a typical URL: 
''http://www.iastate.edulnews/today.html''. "http" stands for "Hyper-Text Transport Protocol" 
which indicates the resource is a native Web document. It is followed by the name of the host 
computer: "www.iastate.edu". The last word of the name indicates what kind of organization 
owns the computer. ".edu" indicates the computer is owned by an educational institution. The 
third part provides the file location in that computer's directory structure. "news" is the name 
of the subdirectory. The last part of a URL contains the name of the document: "today .html". 
The extension of the filename identifies the format of the document. ".html" stands for the 
Hypertext Makeup Language, which indicates the document is a regular Web document. 
3. Hypertext Markup Language (HTML) 
HTML is the authoring language universally used to design Web sites. It uses markup 
tags contained in brackets to define certain format styles for all the information on the Web 
pages. These tags are ASCII text indicators that are surrounded with the text and images. 
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Most markup tags have a start tag to mark the beginning of a formatting feature and an end tag 
that consists of the same indicator proceeded by a slash. For example, "b" in HTML code: 
"<b> Iowa State University <Ib>" means "bold". These two tags will put "Iowa State 
University" in a bold typeface. "Understanding HTML means learning what these tags are, the 
syntax for applying them, what their effects are and creative ways for using them" (Wilson 
1995, p.30). 
HTML is new to printing designers who are used to programs that generate PostScript 
files, such as Adobe Illustrator, Adobe PhotoS hop. Different from PostScript, which is a 
page-description language, HTML is a structural markup language. Any word processor 
program can be used to create an HTML document, just save the file in plain text (ASCII) 
format. The HTML file can be viewed by any Web browser either on-line or off-line. 
HTML editor is the software that arranges the components of the Web site visually on 
the screen and converts the file automatically into HTML language when it is saved. There are 
other HTML editors such as BBEdit, HTML Editor, PageMill, Claris Home Page for the 
Macintosh computer. There are other HTML editors available for Windows and SGI X 
windows as well. 
4. Interface of Netscape 
The information data on the WWW is much bigger than a single book; the structure of 
Web documents is more complicated. A good interface design is necessary to facilitate users' 
Web surfing. The interface of a Web browser is designed as a navigation tool to help users to 
get full advantages of the WWW. The Netscape Navigator Gold 3.01 is chosen here as an 
example to explain the functions of this interface (see Figure 2-3). 
Title of hr{)\lJc:,'r 
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Figure 2-3. The interface of Netscape Navigator Gold 3.01. 
icon 
There are five lines of icons and labels on the top of the display area. The first line is a 
pull down menu bar, which includes "File", "Edit", "View", "Go", "Bookmarks", "Options", 
"Directory", and "Window". The menu bar is very useful in navigation and design of Web 
documents. For example, designers can go to the pull-down menu "File", then chose "Open 
File in Browser" to view their HTML document off-line. "Bookmarks" in Netscape performs 
a similar function to real bookmarks in a printed book. The "Bookmarks" lets the user find a 
Web page which he has previous been to. Going back to a specific page is now just a matter of 
clicking on its bookmark from the "Bookmarks" drop-down menu. Furthermore, the user can 
do a complete database-style management with bookmarks in "Bookmarks" window. 
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The second line shows the name of the browser and the title of the current Web 
document, for example: "Netscape: College of Design". 
The third line contains the navigation icons that are "Back", "Forward", "Home", 
"Edit", "Reload", "Images", "Print", "Find", and "Stop". Netscape keeps track of where user 
has been. By simple clicking on the "Back" and "Forward" icons, then Netscape will load the 
pervious document. If the user wants to jump more than one step a time, he can select the 
"Go" pull-down menu and chose any wanted pages. Just to the right of these icons, there is a 
big "N" cross the top of the globe with the background of universe. The flying comets in the 
sky indicate that information is being transferred into the current computer. When the 
movement ceases, the transfer is completed, and Netscape awaits the user's next instruction. 
Below these icons, there is a "Location" box showing the URL of the currently 
displayed page. The viewer can type in the URL right inside this box, and press "Return" key 
to get the designated Web site. 
In the last line, there are some fast access icons provides the access to the information 
as indicated: "What's New", "What's Cool", "Destinations", "Net Search", "People", and 
"Software". They have been maintained by Netscape Communication Corporation on its main 
computers and frequently updated. 
The center of the window is the document display area which shows the contents of the 
current document. The scroll bars on the right and bottom of the display area will show up and 
allow viewer to see the full range of document when the document is too big to fit in the 
document display area. At the bottom of the display area is the status bar which indicates the 
working status of the browser. For example, when Netscape is loading the information from 
the Internet, it shows the progress here; when viewer uses the mouse cursor to point to 
"Hotlink", the URL of where the user goes next appears in the status bar. The key at the left 
side of the status bar is an indicator for resource of the current document. The key is broken 
when the current document is from a normal Web site. If Netscape gets file from the FTP site, 
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the key is in good shape. There are two more icons at the right side of the status bar, one is for 
sending the mail and the other is for resizing window. 
5. Internet Starting Points or Searching Engines 
A Web site capable of searching for specific Web document is called an Internet 
Starting Points or a Searching Engine. In Netscape Navigator, a click on "Net Search" icon 
leads to a document with over a dozen Search Engines, such as Alta Vista, Dejanews, Electric 
Library, Excite, Infoseek, Lycos, Yahoo, etc. Numerous Web Searching Engines have turned 
the diverse information sites on the Web into organized information resources. According to 
John Dupuy, most of the search engines on the Internet have between 60,000 to 200,000 
different page references in their databases in 1995 (Dupuy 1995, p.84). Users type in the 
search criteria and the search engines will do the rest of the work. The function of the search 
engines makes the WWW unmatchable in speed and convenience of information searching. 
B. Multimedia and Interactive Environment 
As mentioned before, one outstanding feature of the Web is that Web page is an 
interactive hypermedia environment. "Also emerging are new interactive environments that 
integrate applications such as databases, financial analysis programs, and games with the real-
time communication and information service potentials of the Web" (Wilson 1995, p.307). 
The continuous enhancement of interactivity of the Web allows the user to receive immediate 
feedback. The Netscape 2.0 incorporated Java interpreter and "plug-ins". Java supports 
animation, and live information updating to the Web. With Application Program Interface, 
plug-ins function enables the Web to display files written in other code. For example Amber is 
the API to display Acrobat PDF files on-line. "Other plug-ins under development include 
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Apple's QuickTime for digital; video and Macromedia Director Player, called Shockwave, for 
full multimedia interaction" (Ressler 1997, p.60). 
1. Audio and Video 
The capability in sound and video is being extended to include real-time on-line active 
video and audio for applications, such as video on demand or teleconferences (Wilson 1995, 
p.307). For instance, Netscape Media Server provides capability to synchronize audio with 
HTML documents, plug-ins, Java applets, and JavaScript. Netscape Media Player then 
delivers the synchronized multimedia files directly to the user's computer at relatively low 
bandwidth. In the newly released Netscape Communicator 4.0 users can now select "Record", 
speak into a standard PC speaker or microphone, and click "Send" to send someone an audio 
e-mail (Netscape Communications Corporation 1996). RealAudio from Progressive Systems 
uses streaming technologies that allow the Web sound to be continually updated so users can 
get two-way conversations or broadcasts. There is also Internet telephone applications that 
allow two-way sound communication over the Internet much like telephone service. For 
example there are Internet Phone from Vocaltec, and PowWow from Tribal Voice. In 
Netscape 3.0 browser, a streaming audio plug-ins is included with the Live3D (formerly 
WebFX) VRML browser and an AVI digital movie player. CoolTalk is among the most 
interesting software released recently. Users can literally talk to each other in real time through 
the Web using this software. It also provides a white board for users to write down whatever 
they want and get feedback immediately. This feature is included in Netscape Communicator 
4.0 now. 
Now users can save movies in MPEG, QuickTime and other video file formats and 
show them on the screen. Real time delivery of video files is in development. Cu-See Me 
from Cornell University's Information Technology organization (CIT) made a big progress 
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toward videoconference. It provides a color window of conversing people and the Windows 
platform. It is predicted that real-time Internet video "may one day replace cable and video 
rental stores, becoming the medium for distribution of video on demand, and even making 
videophones as everyday reality" (Wilson 1995, p.3). 
2. Animation and Virtual Reality 
The users now can not only interact with fantastic animation and virtual reality on CO-
ROM, but also on the Web. There are plenty of software can create animation for the WWW. 
Java is one of them. It is a new computer language released by Sun Microsystems. Java 
enables the Web users to interact with images, sound, and text in new and compelling ways. 
For example, the Java applet (Java code) can interact with a cursor movement. A button can 
detect the presence of a cursor and the clicking of a mouse. To dynamic elements on the Web 
simply requires putting the Java applets in the HTML document. Other animation and virtual 
reality technologies include 3D Interface (VRML), Apple's QuickTime VR, Macromedia 
Director, and so on. Visual reality on the Internet finds more practical use in plant design and 
process control. For example an American company wants to build a plant in Asia. The 
members of the project team all around world now can walk through the visual reality plant, 
evaluate, and make change to the design via visual reality on the Internet. It greatly reduces the 
cost and manpower spent on traveling. It is sure that the multimedia capacity of Internet will 
not only brings entertainment but also profits to its users. 
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C. The Limitations of the Current Technologies for the Web Publishing 
1. Bit and Bandwidth 
A bit is the quantum, indivisible unit of infonnation, and the result of a choice between 
two alternatives in logic or numbers. Bits in a computer are used to control information. 
Memory in a computer is made possible by organizing bits into fixed-length strings or modular 
units. One of the two modular units used is the byte, a string of eight bits represents a number 
from 0 to 255, or a code (for example, a letter, numerical, or punctuation mark). The other 
modular unit is the word, which has a length defined by the hardware of the machine; typically 
it is a byte or some even multiple of bytes (Kerlow and Rosebush 1994, p.2). 
Bits in computer digital file describe the image and sound. The number of bits devoted 
to per second or per square inch relates directly to the fidelity of the music or image. The high 
quality image or sound file increase the Web document size, and takes a longer time to load. In 
fact, how long a file will take to download over the Web is difficult to tell, since it dependents 
on so many factors. These factors include the amount of activities on the sever, the connection 
between the sever and the Internet, the general amount of traffic on the Internet itself, the user's 
connection, and the rendering speed of the user's browser and computer. The speed of 
downloading a Web document from the server to the local computer depends on how many bits 
can be transmitted per second through a given channel (like copper wire, radio spectrum, or 
optical fiber), which is called the bandwidth of that channel (Nielsen 1990, p.16). Of all the 
technical limitations that affect Web page viewing, connection speed is the most important 
factor. The perfonnance and price difference between a high-end (of high connection speed) 
and low-end connection (of low connection speed) is dramatic. 
According to a survey conducted by Georgia Tech about the distribution of the speeds 
with which users have connected to the Internet: users are replacing slow 14.4 kbps modems 
with fast 28.8 kbps modems, but about 15 percent of the users still use 14.4 kbps (Nielsen 
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1997a). On a typical 14.4 kbps connection, a 30 kilobyte file will take about 20 seconds to 
download (Coupland 1996, p.39). There are also other high speed transmitters available: 
ISDN connection (128,000 bps), Tl connection (1.5 mbps), T3 connection (4.5 mbps), and 
cable lines (10 mbps). Their response time is much faster and on-line images do not appear to 
impede responsiveness (Sano 1996, p.49). 
The following table shows the maximum allowable document size in order to achieve 
desired response times for various connection speeds (see Table 2-1). The numbers assume 
0.5 second latency which is faster than most Web connections these days, so for many realistic 
purposes, document size really need to be even smaller than indicated in the table. The 
document size defined here is the sum of the files size for all the elements that make up a Web 
document, such as HTML file, image files, and audio files (Nielsen 1997b). 
Table 2-1. The size limits for Web pages 
Modem 
ISDN 
T-l 
1 Second response time 
2K 
8K 
lOOK 
10 second response time 
34K 
150K 
2M 
(Data from Jakob Nielsen's on-line publishing "Size limits for Web Pages" at 1997) 
''The one second response time limit is required for users to feel that they are moving 
freely through the information space. Stay below the ten seconds limit is required for users to 
keep their attention on the task" (Nielsen 1997b). Since some users still use slow modem, the 
Web document size is suggested to stay in 34 kilobyte in order to keep the user's attention 
focused on the interaction. 
It is reasonable to assume that the bandwidth limitations will begin to vanish as faster 
connection lines, innovative compression algorithms, and superior browser technology become 
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available. However, at present the Web designers should keep in mind what kind of 
bandwidth the target audiences have and how long their design will take to load onto the screen 
as well as the users' reaction for the delay. 
2. Computer Platforms and Browsers 
Various computer platforms and browsers make different visual outputs of the same 
document to the users because certain operations in Web browsers are processed locally after 
network transfer. These operations include decoding page layouts and table formatting, tiling 
backgrounds, displaying images, viewing video, and so forth (Sano 1996, p.50). ThreeToad 
Multimedia developed an award winning Web site: Browser Comparison Page to address this 
issue (ThreeToad Multimedia 1996). It provides a good demonstration of how the different 
computer platforms and different \Veb browsers influence the final visual display. Several 
popular browsers: Netscape, MS Internet Explorer, NCSA Mosaic, and CyberDog etc. and 
several commonly used computer platforms: Macintosh, Windows' 95IWindows 3.1, Unix, 
and Amiga are picked for comparison. It shows that different platforms represent the same 
HTML file differently. For example, comparing Figure 2-4 with Figure 2-6, it can be seen that 
the font size displayed in Windows is bigger than in Macintosh. Consequently, the text is 
bigger while the size of images stays the same and the page layout is changed. Using different 
browsers for the same document also leads to variations. For example frame is supported by 
Netscape 2.0 for Macintosh but not by Internet Explorer 2.0. Consequently the same 
document contains frame using Netscape 2.0 (see Figure 2-4) while showing no frame using 
Internet Explorer 2.0 (see Figure 2-5). Therefore to best reflect their original design, the 
designers should be aware of the functions and limitations of different platforms and browsers. 
Indication of the platform and browser needed to view the designed Web site might be helpful 
in this case. 
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Figure 2-4. Netscape 2.0 on Macintosh 
Figure 2-5. Internet Explorer 2.0 on Macintosh 
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Figure 2-6. Netscape 2.0 on Windows 
3. Screen Display and Color 
Screen resolution and color bit-depth for a particular computer configuration 
dramatically alter the visual appearance of Web document. Developing and viewing Web pages 
with a 16- or 24-bit color video display reproduces graphic imagery at its best (Sano 1996, 
p.51). Unfortunately, most users do not have 16- or 24-bit display monitors. The 8-bit, 256 
color video card display is the more usual standard display configuration so far, which is not 
sufficient for some more advanced tasks. For example, when a 3D image displayed on today's 
low resolution monitors, its background objects are blurred. The actual reason is not out of 
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focus, but is the lack of sufficient pixels to define it (a pixel is the smallest unit that can be 
visualized as a square dot). The commonly used computers nowadays have around 80 dpi 
(dots per inch), even though the computers with 300 dpi are already used in laboratories. 
Compared with printing media, which uses 300 or 600 dpi for normal purposes and 1200 dpi 
or 2400 dpi for high quality, the computer screen resolution is horribly low. This low 
resolution is one of the main reasons that reading from screen is slower than reading from 
printed material. The flicker, as another reason for the slow reading speed from the computer 
screen, is due to the low refresh rates of the number of frames per second on current 
computers. It is suggested that a fresh rate of 60 fps can minimized the flicker on the 
conscious level (Tognazzini 1996). 
Different screen resolutions can change the size of displayed document on the screen 
and thus affect the visual output. The commonly adopted resolution settings are 640 x 480, 
800 x 600, 1024 x 768, and 1280 x 1024. "Designs optimized for 640x480 resolution (VGA 
or notebook computers) appear small and undersized on higher resolution displays, commonly 
used with systems from Silicon Graphics or Sun Microsystems. Likewise, a Web page sized 
comfortably on a 1280 x 1024 high-resolution display will require lengthy vertical and 
horizontal scroiling by users with VGA or notebook computers. Limiting the horizontal width 
of the page to 572 pixels or less will ensure full viewing on 640 x 480 displays, as well as on 
larger screens" (Sano 1996, p.52). Most monitors now have an option among 8-bit, 16-bit, 
and 24-bit colors. The colors of a 16-bit (65,536 color) image will not be fully display with an 
8-bit color monitor. Also because the graphic software has to translate the color from 16-bit to 
8-bit, it takes longer to load the image. Reducing the color of images can be an effective 
approach to reduce the document size and increase the speed of its transfer. For example a 470 
pixels wide by 94 pixels high RGB mode image in TIF format is 130K at 72 dpi. The same 
image at 8 bit, 256 color in GIF format is 33K~ at 7 bit, 128 color is 23K. When the image is 
saved as the medium quality in JPG format, its file size it is 21 K. In designing a Web site, 
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designers can start with very high quality image files to get an optimum result then reduce the 
image size through color reduction. 
Most of the current display problems are technical. Fortunately, they will be solved 
with the development of technology in foreseeable future. Based on the upper limits of human 
perceptual parameters, it is proposed that using a high refresh rates (e.g. 120 fps), 1200 to 
2400 dpi, zero parallax, and 24 bit color will be sufficient to eliminate the problems 
(Tognazzini 1996). 
4. Users' Control over Final Appearance 
Unlike the designers in printing design who decide every details for the final visual 
output, the Web designers do not have the control over the final appearance of their design. 
The Web users may choose how the images will be viewed: while loading, after 
loading or not viewing them at all. The users can tum off the images and just read the text. As 
mentioned before, the end user's bandwidth, computer platform, monitor, and Web browser 
all affect the appearance of a Web document. Even they have same system; the users may get 
different visual representations of same document by using different settings. In most Web 
browsers, users can go to the "Preference" settings to change the settings for font, font size, 
text color, link color, visited link color, and background color. 
Typography in Web design poses an interesting challenge for the designers. HTML 
markup language does not specify the exact font, but specify tags in very general formats to 
ensure cross-platform viewing. The specification of exact font is decided by the end user's 
preference settings. Therefore, the text in the same Web document may appear in Times 
Roman at size 12, while showing up in Helvetica at size 16 on another system with different 
settings. It is also possible the same Web document is viewed as black color text on a bright 
yellow background, while appearing up as green color text on a black background with other 
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settings. Many Web users set the text size really large to make reading from the screen less 
stressful for the eyes. The layout will be changed greatly due to the big size text. For 
example, the designer's plan to put a couple of lines of introduction in a suitable font size right 
next to the image in a good composition. In fact, what it will look like at end users' computer 
may not be the same. 
Another variable the Web users can control is the size of the display window. If a Web 
document is designed at 650 pixels width while the users set the display window at 572 pixel 
width when viewing it, what the users will get is either some of the elements are cut out if the 
document uses a fixed size table, or some of the element are divided automatically into next line 
if the table width is not defined. In both cases, the composition of the layout design is 
changed. Moreover, the resizing of the display window also influences the legibility. For 
instance, the words in each line of text can be more than 12 words after the end users expand 
the display window size. "The long lines of text make it harder for the eye to get back to the left 
margin and pick up the next line. Ideally, each paragraph should have 10-12 words on a line 
for normal reading" (Siegel 1996, p.82). 
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CHAPTER 3 - UNDERSTANDING THE USERS 
Human-computer interface (HCI) design is critical to achieve good communication 
between the computer and its users. In order to achieve human-computer compatibility on the 
WWW, certain study and application of human cognitive psychology are necessary to the 
developers and designers of the Web site. Studies of human factors can be viewed as an 
engineering application of human psychology. Chapter Two addresses the capability and 
constraints provided by network technology. These unique features also make Web site 
different form other human-computer interfaces. However, the general principles that describe 
human-computer interaction should all be applicable to Web site design. This chapter gives a 
brief overview of human cognitive psychology and human factors in human-computer interface 
design (although human affective psychology is equally important, it is very complicated and 
beyond the scope of this thesis). The Web users' behavior will be the focus of discussion. 
A. Cognitive Psychology 
Cognitive psychology is the study of the acquisition, storage and use of knowledge of 
people (Hammond et. al 1987, p.15). It rises upon the developments of computer science, 
linguistics, information and communication theories. The emergence of computer technology 
aroused psychologists' attention since it relates to human information processing. Modem 
cognitive psychologists tend to interpret cognition as the flow of information through 
interrelated stages in form of symbols, in much the same way that information is processed by 
a computer. 
The key purpose of interface design is to achieve human-computer cognitive 
compatibility. Therefore the study of human information process and cognitive theories is 
necessary. Web site design is a new topic in interface design. It is different from design of 
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other interfaces such as a word processor or office system. In the later cases the users have 
greater control of the computer configuration (hardware, software and file system) and tend to 
use the same interface repeatedly. On the WWW, users have far more choices, which cause 
design concerns. A user frequently using a Web site will be much more familiar with 
navigation and content than a casual user does. On the other hand, although interactivity of the 
network allows them to have some control of navigation, the users can not change the 
configuration of the WWW. The following section discusses the topics in cognitive 
psychology, which in the opinion of the author are more pertinent to Web site design. 
1. perception and pattern recognition 
2. metal model 
3. memory 
4. emotion 
1. Perception and Pattern Recognition 
According to a generally accepted theory there are two processes of human perception: 
data driven process and conceptual driven process (Lindsay and Norman 1977, p.278). The 
data driven process starts from the physical process of seeing. The human eye receives 
physically visible signals and conveys them to the brain through optical nerve. The brain then 
processes the information through various physiological stages: 
a) Feature identification stage which looks for a particular characteristic in the image 
pattern (lines, angles, contours, colors); 
b) Cognitive process stage which responses to the output of identified features or 
characteristics, and maps them with the stored patterns; 
c) Decision-making stage when a pattern that fits best is chosen and the brain can label 
the pattern as recognized. 
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At the same time, expectations and conceptualizations of the incoming infonnation lead 
to another process. "Conceptually driven processing starts with general knowledge of the 
events that are being experienced and with specific expectations generated by this knowledge" 
(Lindsay and Nonnan 1977, p.278). It is believed that these two processes occur 
simultaneously to complete the image analysis and the cognitive process. Stage two is likely 
where the overlapping takes place. Nonnan pointed out further that the human pattern 
recognition proceeds by means of all possible sources of infonnation available: 
There is an interaction of data driven and conceptual driven processes, starting at the 
sensory organs and continuing far up to the chain of processing stages. 
Simultaneously, the context in which the sensory events are embedded triggers 
expectations based on past experience and general knowledge. These expectation 
produce conceptually driven processing, top-down processes that eventually merge 
with the bottom-up processes in completing the task (Nonnan 1969, p.58). 
This theory might help to understand numerous phenomena and theories. Martinez and Block 
consider a basic fact of perception is that the brain can alter and rearrange the infonnation 
gathered by eyes (Martinez and Block 1985, p.3). The mismatch can happen at any of figure 
identification, cognitive process, and decision making stages. However, humans as 
infonnation receivers don't realize this process because what they get is the final product. 
Gestalt psychology has a strong influence on modern cognitive psychology. The main 
approach of Gestalt psychology is the study of the perceptual organization. This theory states 
that, in human perception, the integrated whole of an infonnation, image, or event is more 
important than the sum of its parts. " ... Every perceptual experience is an event that has a 
quality or qualities different from (not more than) an adding together of the parts. This 
understanding of how perception works applies consistently to all the process of our thinking 
and our senses" (Martinez and Block 1985, p.5). According to the painter and color theorist 
Hannes Beckman, a landscape is not a collection of many parts, such as cloud, sky, grass, tree 
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and mountain. It is a distinct perception or experience. The meaning of parts actually depends 
on the way they are put together (Martinez and Block 1985, p.5). All these discussions 
indicate that there is a unique set of relations between the whole body and its parts as well as 
among the individual parts. The conceptually driven processes obviously play an important 
role in detecting these relations and further recognize the unique pattern. 
The relevance of pattern recognition to interface design is that it reveals potential causes 
of recognition failure. One cause of recognition failure is that the image itself does not make 
good sense due to the inappropriate design concepts, obscured object orientation, chaotic 
structure of forms, etc. Another cause is that the users can not identify and interpret the image 
right since they don't have the knowledge and experience. Both of them lead to a failure in 
forming an appropriate metal model. 
2. Mental Models 
To study people's mental models is one of the keys to approach user-friendly interface 
design. Mental models are "what people really have in their heads and what guides their use of 
things" (Manktelow and Jones 1987, p.108). It governs people's rational learning, 
interpretation and decision making. The users' mental model is an important design 
consideration. The users have their goals and expectations and make predictions of the system. 
"It is as if the users are interacting ... with their model of the system" (Manketlow and Jones 
1987, p.84). Users' mistakes in using the system are often not due to their limitations of 
attention and memory, but from their inappropriate mental models that lead to false inferences 
and predictions. It is recognized that a single, coherent and plausible mental model eases the 
interpretation and memorability of information. Also once constructed it is highly resistant to 
change, even when proven to be inappropriate. Therefore a good design should help the users 
to establish a correct metal model. There are several facts designers should be aware of: 
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a) Heuristic processes are usually biased by people's intuition that is partly supplied by 
their experience. It is therefore important that designers do not leave it for the users to decide 
what a command or icon "naturally" means. 
b) Verbal instructions can only cue low-level heuristic responses. Linguistic factors 
requiring inference can overload the working memory (short term memory) and disrupt the 
coherence of a model. 
c) The reduction of working memory load and the ease of selecting relevant 
information for modeling the problem will facilitate the construction of a logically appropriate 
model. Otherwise, repeated practices are needed. 
d) People's thinking is probably split: their interpretations (verbal evaluations) of 
information input are logical while their decisions are intuitive and non-logical. Therefore 
technological systems are unnatural with respect to human cognition because of their logic. 
These scientific discoveries to make some suggestions to interface design. It seems that 
a design that can plausibly evoke prior general knowledge will achieve better human-computer 
compatibility . 
3. Memory 
Human perceptive process involves at least two basic stages: the detection and the 
identification of the incoming information. Each stage needs a given time to process, which is 
directly related to the nature of human memory. Memory is the "active organizations of the 
past experiences" (Reed 1973, p.l). It plays an active role in the process of perception. 
The major structural components associated with memory are "the sensory register, a 
short-term store and a long-term store" (Reed 1973, p.2). The sensory register detects the 
image first, then transfers it into short-term memory. The perceived image in short-term 
memory is decoded with existing experience and knowledge to identify what the image is and 
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what it suggests. The short-term store can be transmitted to a long-term memory provided with 
necessary stimulus (Reed 1973, p.2). However, it is estimated that less than 11100000 of the 
information taken in by the retina makes it through short-term memory (Horton 1994, p.22). 
Human-computer interaction demands human memory. "Information that the user has to retain 
for intervals of up to about a minute will be classified as demanding short-term memory. 
Information that has to be remembered longer than one minute demands long-term memory" 
(Hitch 1987, p.122). Working memory is another name for short term memory that 
emphasizes its role in a complex information-processing task (Hitch 1987, p.128). Hitch listed 
four main categories of information that demand the users' short-term memory during human-
computer interaction (Hitch 1987, p.119). 
a) The first one is the temporary labels and parameters. For instance, the names of the 
commands, symbols of the buttons, the current vision of the software, etc. 
b) The second category is users' current subgoal. It usually takes several 
hierarchically arranged steps to complete a task. The user must remember this hierarchy and 
their current sub goal within it. For example, to find the information of a car model on the 
WWW, the user might have to search for the homepage of its manufacturer, select model 
and/or year, and then get the desired information. If the data is not available in the current site, 
another run of search starts. The users shall be aware their current location in this sequence. 
c) The third category is users' current response. Users have to keep tracking the 
effects of their keystrokes, and the click of links, or icons. 
d) The forth category is the current state of the computer. The user has to watch the 
states and responses of the computer. The responses of the computer may determine the users' 
decisions and actions at any time. This is especially important to real-time communication such 
as Web conference. 
Long-term memory is also needed in human-computer interaction. One aspect is 
injomzation about the last operation, such as the location of previously viewed Web sites. The 
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second aspect is configuration of systems, for example, the frequently used files/sites such as 
search engines, link pages on the WWW. Routine procedures also need long-term memory, 
which include switch on the machines, log-in, passwords and operation of certain programs. 
The working memory is very limited. However, they can be transmitted into long-term 
memory, which is thought to have a virtually unlimited capacity (Hitch 1987, p.123). On the 
other hand, the working memory can store knowledge states activated from long-term memory 
as well as recent input from the environment. 
If evaluated according to the type of incoming information, memory has functionally 
independent systems. Episodic memory is the remembering of certain images in related to the 
certain events or situations. Semantic memory is the remembering of the meaning of words 
and their interactions. Experiments show that information stored in episodic memory is easier 
for recall. In other words, the unusual features of the event, environment or conditions in 
which the stimulus embedded can enhance the users' memory of the stimulus. 
The principles of memory can be applied to computer interface design. For example, 
items presented pictorially, or easily visualized as pictures can be better recalled than those 
presented as words. Recall is better for the items which interact with the environment than for 
items stored in isolation. Visual and audio stimulus can enhance working memory. These 
facts can act as guidelines in interface design. Graphical interfaces generally offer significant 
efficiency than textual interfaces. Multimedia interface also enhances the communication. The 
consistency of the interface helps user learn and remember features of the interface better. 
Most of the large database is designed to the semantic memory. The reason is that the 
information can be entered into the structure and retrieved easily by computer system. Since 
the process of human semantic memory is not well understood, systems built upon the 
semantic theory have not reached the user-friendly stage yet. This could be the area of future 
break-through in human-computer interface design. 
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4. Emotion 
Although the significance of emotion (psychologist also use affect) in human 
experience is generally acknowledged, its role in cognition is still somewhat ignored by 
modern psychologists. 
Emotions are a combination of emotional thoughts and physiological symptoms (Magill 
1996, p.598). Therefore it is created by the interaction of cognition and physiological 
responses. There have been debates as to the independence or primacy of cognition and 
emotion. Supporters of cognitive primacy believe that cognition and emotion are 
indistinguishable at the stage of attention and perception. Only in interpretative phase when 
knowledge and expectation plays a role, cognition and emotion diverge (Brand 1989, p.54). 
Advocates of affective primacy maintain that immediate evaluation bypassing cognition is 
possible. It could be at low-level such as approach and avoidance responses. Or it could also 
be higher-level emotions. 
Emotional experiences may precede cognitive awareness of them-like anxiety or 
depression that people feel without knowing precisely what those feelings are about. In other 
instances, feeling may be so well learned that stimuli seem to bypass cognitive processing 
altogether. Time collapses so that sense and feeling occur simultaneously. Also emotion may 
run ahead of conscious cognitive processing and increase its efficiency. In other words, the 
participation of emotion in processing certain types of information may actually guide 
cognizing (Brand 1989, p.55). Therefore, a design that arises viewer's emotions may help 
conveying the information. 
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B. Human Factors 
Human factors (or ergonomics) are often defined as the scientific study of the 
relationship between humans and their working environment (Murrell 1965 and Chapanis 
1965). Nowadays the study is oriented toward how to design better systems and tools to 
improve the operators'/users' productivity and happiness based on the knowledge of human 
behavior. It might be viewed as the engineering application of human cognitive psychology. 
Designers should keep in mind that "people are the way they are, and not from the 
widely held belief that they should be the way they should be" (Thomas 1984, p.31). For 
example, a new computer software package usually comes with a big manual. The designers 
and developers expect new users to read it before they start to use the software. Unfortunately 
this is unlikely to happen. According to Lewis and Mack's observations at the laboratory 
people skip around and try out functions first instead of reading the manual (Thomas 1984, 
p.31). The design of Web sites is in the same situation. Designers and developers of Web 
sites know too much about the Web and are not common users anymore. However they 
frequently ignore the users' real needs and make assumptions of the users. User's ability and 
cognitive process are not taken into account in the design process. A survey of 200 designers 
in the US shows that 63% of the interface designs use human factor specialists. According to 
the research done by psychologists, many designers have no desire to consult human factor 
engineers even the company has the department of human factors. Another survey of 447 
designers shows that only 40% of them know the principles of the user testing; only 20% did 
user testing and modified the design afterwards (Hammond et. al 1987, p.26-27). Studying 
and observing traditional human factors is a very good starting point that allows designers and 
developers move beyond their own personal view into others. Through the research of human 
factors, designers learn to predict situations before they happen. The user survey and test are 
the other ways to achieve a better understanding of the user. Furthermore, designers' 
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responsibility also includes educating the public through the use of design, which has the 
potential to alter and improve human behavior and communication. This places the designers 
in a pivotal role, where the use of human factors can really make or break the solution's 
success. 
In Web site design, the incorporation of human factors focuses on the applications of 
the knowledge and theories of human behavior. The truly needs of the understanding of 
human factors are for designers to expect solutions for the human performance first, and then 
create the products. Human factors should be a natural integration into design at the beginning 
of the design process, and not only limited to solve an existing visual problem, for example, a 
Web site requires users to memorize twenty items or icons in order to navigate the site. A 
designer has basic knowledge of the cognitive theory of working memory will immediately 
know that this Web site will pose difficulties to the users. If every stage and detail of the 
design is measured this way, the final product will surely be an user-friendlier interface. 
c. Studies of the Web Users 
WWW is a unique communication tool greatly different from other user-computer 
interface. The study and analysis of the behaviors of Web users is the first step to understand 
this user-computer interaction and design user-friendly Web sites. The following sections 
discuss the results of Web user studies in open literature. 
1. Users "Being Lost in Hyperspace" 
There are millions documents on the Web and the amazing hyper-media technology 
make all the documents linked together. The Web users can traverse in a nonlinear sequence 
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through infonnation data. Meanwhile Web users can easily become disoriented and lost while 
browsing Web sites. 
According to the research done by computer system designers (Reitman-Olson, Whitten 
II, and Gruenemfelder 1984), the human is very good at recognizing temporal and spatial 
patterns, extracting concepts from noisy data, making inferences, and assessing the similarity 
of objects on many dimensions. On the other hand, human's working memory has very 
limited capacity and people have difficulties in remembering details and keeping track of 
changing status. Users need aids to remind them where they are and keep track of how the 
current page relates to the last one and where the next link will go. The computer, however, is 
very good at remembering and calculating (Reitman-Olson et. al 1984, p.228). It has almost 
unlimited memory capacity and very quick response. It can guide the users in their Web 
browsing. Based on the understanding of the strengths and weaknesses of human and 
computer, good Web designs can make full use of the advantages of each side and cover the 
shortcomings. 
The first step towards a user-friendly Web site is to design a clear organizational 
structure of the conveying infonnation space. A trail easy to follow in the infonnation jungle is 
essential for users to navigate the Web more easily, effectively and with confidence. 
Furthennore, the accurate convey of intended structure to the users relays on a clear, 
unequivocal visual output. The design principles of simplicity and consistency are the 
important rules to achieve this. For example, the backtrack function takes advantage of the 
computer's memory and speed. It serves as a lifeline for the user who can do anything in the 
hyperspace and still be certain to be able to get back to familiar territory by using the backtrack. 
However, inconsistency in backtracking, such as inconsistency in the images and position of 
icons, could give users problems in navigation (Nielsen 1990, p.129). 
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2. Users Have Little Patience for Poorly Designed Web Sites 
Reading a book or magazine is much different activity then browsing the Web. A book 
is generally linear in its organizational structure and viewed in a various physical positions for 
the reader. The portable nature of print supports reading in a multitude of postures. The 
content is confined between the outer book covers, with an obvious beginning and end. On the 
other hand, Web users are more restricted in time and physical position to get ready for Web 
surfing. "The surfing activity is more likely to be fragmented and quick, rapidly clicking 
through pages, restlessly scanning 'chunks' of copy and images, then moving on, traversing 
Web sites which dramatically differ in visual quality, colors, metaphors, navigation, and 
content... The attention span is likely shorter and the desire for needed information great; 
consequently, the patience for poorly designed Web pages is low" (Sano 1996, p.68). "Sun 
on the Net" interface design group came to the same conclusion from their user study: people 
have very little patience for poorly designed WWW sites. 
The better organized a page is, the more faith the users will have in the conveyed 
information. Many users "would be out of a server, never to return, if they got too many 
server errors or 'under construction' signs" (Nielsen 1996a). The Web users normally will not 
wait for a long time (e.g. more than 20 seconds) to load a document onto the screen. 
The message to the Web site designers is that: 
a) Do not put an unfinished Web site on-line. If the users lose faith in this site, it is 
very difficult to win them back, no matter how good the finished site will be. 
b) Fast loading speed is very important to win audiences to the site. Be careful when 
putting big images on line, which need long time to load. 
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3. Users Do Not Want to Read 
The "reading speeds are more then 25 % slower from computer screens than from 
paper .... Users recklessly skip over any text that they deem to be fluff (e.g., welcome 
messages or introductory paragraphs) and scan for highlighted terms (e.g., hypertext links)" 
(Nielsen 1996a). Several scientific studies (Dillon et al 1989, Wright and Lickorish, 1983, and 
Gould et al. 1984, 1987) have compared the reading speed from screen with the reading speed 
from paper. The result is that reading from screen is up to 30% slower than reading from 
paper. Wilkinson and Robinshaw did another test that was focused on the error rates of 
subjects doing proofreading from screens and from paper. During the first ten minutes of the 
experiment, the subjects who read from screen did somewhat worse than those read from paper 
did (error rate 25% vs. 22%) but they did much worse when they had been proofreading 
continuously for 50 minutes (error rates 39% vs. 25%). This difference shows that people get 
tired more easily when reading from the computer screen than when reading from paper 
(Nielsen 1990, p.117 -119). 
Dillon et al. also found that reading from screen is more fatiguing, giving rise to more 
errors, and most people's performances are inferior when reading from the computer screen. 
In attemption to discover the cause underlying findings, they reported the following factors as 
being significant: the orientation of the screen, eye movement across the screen, the visual 
angle subtended by the screen, aspect ratio, the dynamic aspects of screen filling and refresh 
rates, flickering due to the refresh rate, image polarity - color of foreground versus color of 
background, display characteristics (font size, inter-line spacing etc.), anti-aliasing, and the 
users (e.g. were they habitual computer users?). The major conclusion they made from their 
studies is that the most significant effect on the viewers' performance is the display quality, and 
color polarity (Maddix 1990, p.231 - 232). 
39 
Other than the low quality of computer screen display (e.g. low refresh rate, small 
screen size, poor resolution, and limited color, etc.), another important reason causing the 
users do not want to read, if not greater, is still the lack of an effective visual communication 
design. The content of on-line information is not as the same as its original printing version (if 
it has one). The content should be written under a new concept that follows the characteristics 
of Web users and technology. The on-line information data should be organized very clearly 
by hierarchy into different layers. The Web document on each layer must be condensed into a 
very short text. According to the "Sun on the Net" interface design group's experience, the 
Web document should be written in 50% less than those in a paper document (Nielsen 1996a). 
The users can select the links and go deep to get the desired information if they are really 
interested in it, other than read a long scroll able text document on the computer screen. 
4. Users Do Not Want to Scroll 
Since most Web users are inferior in reading from the screen, they do not want to scroll 
the document in order to view more information. The information that is not on the first screen 
display when a document comes up is normally ignored by common users. Only those very 
interested users will scroll the document and read it. If a site contains very long documents 
(spanning several screens), it is usually an indicator of unstructured materials and bad design 
work. The users will even question the quality of the information contained on the site. It is a 
good design practice to make every screen of information a functional element able to perform a 
particular task. If it is impossible to fit a document into a single screen, the most important 
content or components of a Web document should occupy the first screen. For example, if the 
navigation icons are put on the top of first screen, it will provide the user a shortcut into each 
component of the site and avoid excessive scrolling. 
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5. Users Attempt to Order and Interpret the Information in the Simplest 
Possible Way 
From Gestaltists' view, humans do not merely use the eye to make a list of parts, but 
see the interaction between those parts, and the meaning of each part is changed when it is seen 
in context. The basic elements of visual communication are dot, line, shape, color, and 
texture. In a work of art or design there are different visual qualities colliding, interacting, 
modifying, and limiting one another. The simplicity principle is one of the governing rules in 
our perceptions of various incoming visual information. It states that human attempt to order 
and interpret the information gathered by the eye in the simplest possible way. The grouping is 
a frequently used tool by human to organize and simplify what they see. Whenever human 
perceives separate units, things or shapes, the perceptual mechanism will try to organize them 
into groups. The perceptual mechanism groups elements together by size, orientation, 
proximity, color, and shape. For example, the direct response of average viewer to the 
following image (see Figure 3-1) is: "It is a circle". The viewer accept the group of dots as a 
whole and get the impression of a circle, instead of deconstructing it into a square and a 
diamond, or two half circles, or eight dots at the first glance (Martinez and Block 1985, p.IO). 
• 
• 
• 
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Figure 3-1. Dots creating shapes (Martinez and Block 1985, p.10). 
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On the technology side, the simple visual form is also required due to the limitations of 
screen display and loading speed. If visual forms with same size, orientation, proximity, 
color, and shape are put together, the users will tend to group them. An appropriate grouping 
can enhance the convey of information through comparison between the elements within the 
group or among different groups. If information is grouped inappropriately, it will cause 
difficulties in users' perception, identification and interpretation of the images. 
6. User's Mind Completes Meaning 
From the studies of human cognitive psychology, it is known that human uses every 
source of their experiences and knowledge to make sense of incoming information. These 
information go through three stages of a complicated mental process (refer to Perception and 
Pattern Recognition) which take place in the human brain. The final product of this 
process is the "meaning". In this sense the meaning of the perceived information is not unique 
because different receivers might have various interpretations. 
Human's mental model is the decisive factor in the information processing. It is the 
reflection of people's life experiences, educational and cultural background and knowledge 
obtained through daily activities. The mental model guides the interpretation and inference of 
information input according to the memory and knowledge. The current mental and physical 
state of the user also has impact on this process. For example, whether he is excited or 
depressed, energized or exhausted, hungry or full, emotional or calm will make a difference in 
his interest, attention, and further alters the interpretation of the information. 
A good design should reduce the intensity of information processing. To select 
targeted audiences with particular characteristics may achieve this. For example, a commercial 
site for a company will be targeted to its customers. The arrangement of the information 
should consider the general rule, common practice in the designated discipline. In this way it 
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can better fit into the mental model of the users and the intensity of users' mental process is 
reduced. A successful design should provide as less interpretation of a piece of information as 
possible. It is well known that an image placed in different environments can express different 
meaning. This situation should be avoided in order to give user a clear, unequivocal 
information. 
7. Users Perform a Better Job on a Bigger Screen 
The research reports from several user tests "confirm the common belief that bigger is 
better when it comes to computer screens" (Nielsen 1990, p.119). Shneiderman had users 
read a hypertext article in order to answer questions about it. Users who used a screen 
displaying 34 lines of hypertext at a time performed slightly faster than users who could only 
get a 18 lines display at a time (8.6 min. vs. 9.8 min.). The same group also conducted 
experiments with subjects reading program text from various screen sizes using ordinary text 
editors. For a 22-line display hypertext (288 pixels), answering the questions took 9.2 min., 
for a 60-lines display hypertext (744 pixels), answering the questions took 7.9 min., and for a 
120-lines display hypertext (1464 pixels), answering the questions took 6.6 min. (Nielsen 
1990, p.119). 
In 1988, Hansen and Haas tested the effect of screen size on a more active use of 
computers in the form of letter writing. They compared a full-page workstation display, which 
could hold 47 lines of text, with a small window on the same workstation, which could hold 
22 lines of text corresponding to 80 columns of fixed-width characters. Both conditions used 
proportionally spaced characters. The subjects wrote with about the same writing speed (20 
vs. 21 words per min.) but wrote longer letters on the larger screen (353 words vs. 292 
words). The quality of the letters as rated by an English teacher is higher on the larger screen 
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(11 vs. 8 on a 16-point scale),' (Nielsen 1990, p.l19). A clear conclusion can be made from it 
is that the users tend to write longer and better when they use bigger screens. 
All these experiments indicate that the users prefer to work on a bigger screen. When 
browsing the Web site, the users consciously or unconsciously resize the display window to a 
bigger display. This intention of the users makes the final display window size of a Web 
design unpredictable. 
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CHAPTER 4 - ORGANIZING VISUAL ELEMENTS FOR EFFECTIVE 
COMMUNICATION 
A. The Basic Visual Elements on the Web Site 
1. Text 
Putting text on the screen is essentially a typographic design. Therefore the task is to 
choose the appropriate typeface from thousands available. Typography is the art and process 
of typesetting for conveying certain information to the users. It can be retrospect to the 
invention of writing over five thousand years ago. Nowadays thousands of type families are 
available from type foundries, software houses, and on the WWW. Given this variety to 
choose from, a problem arises as to how to make knowledgeable decisions regarding which 
typeface to use in a given design situation. In Web design, typography is more complicated 
due to the technical features of electronic media. For instance, the computer monitor generally 
shows fewer than 100 pixels per inch. Most of the users view text on monitors set at 72 to 80 
dpi. Compared with 1,200-2,400 dpi in normal printing design, it is too few to have good 
legibility. Moreover, the preference settings on end users' computer system decide the font, 
font size, etc. However, designers still have some controls over the typography. For 
example, designers can set a priority typeface list and let the user's computer to match 
designers' preferred typeface. The designers can also vary the font size and weight based on 
the user's preference font settings. Another typographical approach is to use GIF or JPG 
formatted graphics instead of plain hypertext, since they will not change according to user's 
settings. Typography is therefore still a critical and maneuverable element in Web design. The 
components of typography include typeface, case change, stroke weight, serif (vs. san serif), 
size, and space. The following discussions will focus on the contribution of these components 
to a good legibility in Web design. 
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a. Typeface 
Typeface refers to the design of alphabetical and numerical characters unified by 
consistent visual properties (Carter, Day, and Meggs 1993, p.262). Contrast, simplicity, and 
proportion are considered to determine the legibility of a typeface and the information it 
attempts to convey. There are typefaces especially designed for screen display. They have 
been optimized to work within the constraints of a grid or a pixel level. For example, Geneva 
9, 10, 12 points are Macintosh screen font as well as New York 9, 10, 12 points etc. While 11 
or 13 points are only calculated versions of these "designed" fonts which lose all the design's 
subtleties. The virtue of Italic fonts is completely in conflict with the constraints of a square 
pixel grid, and they are always oflow legibility on screen (Gillespie 1997). Web designers 
should be aware of these facts. The elements of typeface such as serif or sans serif, font 
weight, font size etc. are among other important design considerations. 
i. Serif vs. Sans Serif 
Typeface can be categorized as either serif or sans serif. A serif is the finishing stroke 
at the end of each letter. A sans serif typeface has no finishing stroke (Greenwald and Luttropp 
1997, p.83). The use of serif vs. san serif typefaces has presented discrepancy in legibility. 
The finishing strokes of serif typefaces break up the uniformity of the page. They tend to 
facilitate horizontal flow of reading and help identifying individual letters. For this reason serif 
typefaces are generally used as text typefaces. Sans serif typefaces, in contrast, might give the 
page too much uniformity, making these typefaces more difficult to read in a text based Web 
page. Sans serif typefaces are generally used for display and advertising purposes, where their 
relative simplicity of design attracts viewers' attention. Therefore, in Web site design, sans 
serif typefaces can be used in headlines and labels. 
ii. Font Weight 
Font weight refers to a change in the contrast between the thick and thin strokes of a 
letter (Carter, Day, and Meggs 1993, p.28). Legibility differs with the use of light, regular and 
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bold typefaces. On the screen some bold fonts are formed by adding extra pixels around the 
edge of a regular font based on an algorithm (Helvetica Bold, Windows Times Bold, etc.). If 
the regular font itself is only an mathematically derived analogy of a "designed" font, the shape 
of the typeface, tracking and kerning of text will be deteriorated (Gillespie 1997). 
iii. Proportion 
Altering the proportions of a typeface involves expanding or narrowing the individual 
letter form. Since the text file can only be displayed in the standard system fonts on the users' 
computer, proportion is not an issue except in image files. It should be noticed that extremes 
of proportion will cause legibility problems and should be avoided. 
iv. Uppercase and Lowercase 
Text all set in uppercase greatly decreases legibility. Because the human eyes tend to 
recognize written text based on the upper half of the word, research indicates that lowercase is 
often more legible, offering a more distinct outline, making the words easier to recognize than 
when set in all caps. By setting words in all uppercase, the reader is not provided with 
sufficient visual cues to make the collection of words as easily recognizable. 
v. List of Preferred Typeface 
Netscape 3.0 allows the designers to construct their preferred typeface list in HTML 
file. The Web browser will adapt the typeface in the list which first matches the one in its own 
system settings. If no one matches, the browser will revert to the default typeface setting. 
Since the users' computer normally doesn't have as many typefaces as the designers do, the 
commonly used system fonts should be included in the list. Furthermore, the typeface list 
should contain the Mac and PC equivalents, since the Mac and PC users may have different 
fonts installed (see Table 4-1). Therefore to construct the typeface list, first put the 
uncommonly used font first, then the Mac-PC equivalents, and finally add the commonly used 
ones to the list. 
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Table 4-1. The Mac typefaces and PC equivalents 
Mac font PC equivalents 
Helvetica Arial 
Times Times New Roman 
Courier Courier New 
Symbol Symbol 
Geneva MS Sans Serif 
New York MS Serif 
Chicago No equivalent 
Zapf Dingbats WingDing 
Palatino No equivalent 
(Data from Joe Gillespie's on-line publishing "Web Design for Designer" at URL; 
http;lIds.dial.pipex.comlpixelp/wpdesignlwpdintro.htm) 
The GIF or JPG formatted images can also be used to support the particular need for 
specific typefaces, usually for a heading, subheading, and headline. The use of the image files 
gives the designers more controls over the typography. This technique will be discussed later 
in this chapter 
b. Font Size 
The size of a font is measured from the top of an ascender to the bottom of a descender. 
As a result, typefaces of the same point size can appear larger or smaller due to variations in x-
height. The x-height is the "distance from the baseline to the meanline. Typically, this is the 
height of lower case letters" (Carter, Day and Meggs 1993, p.26). 
Small type reduces legibility by destroying counter forms. It has been suggested by 
researchers that the smallest typeface size that should be used for clear readability in printing 
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media is lO-point. Normally the default setting font and size of the Web browsers is Helvetica 
at lO-point (for the proportional font) and 12-point (for the fixed font). 
Low resolution of the computer monitor put restriction on the use of font size for Web 
design. A typical 12-point character has a cap height of 8 or 9 points and x-height of 5 points. 
On a Mac screen, with its 72-dpi conventional resolution, points translate one-for-one to 
pixels. Nine pixels at 72 dpi amounts to an eighth of an inch on the screen, barely enough to 
show the sort of details that makes a character legible, and not enough to show differences 
from one typeface to another (Barger, Kammermeier, and Millspaugh 1996, pA). 
Figure 4-1. Adobe Caslon Semibold "b" at the resolution of72 dpi (left), 144 dpi (center), and 
432 dpi (right). 
Figure 4-1 shows a character outline superimposed on the theoretical grid of available 
pixels to simulate how a hinted 12-point Adobe Caslon Semibold "b" would display at different 
resolutions. At the common monitor resolution of 72 dpi (left), the vertical stems had to be 
almost doubled in thickness to indicate that this is a bold character. The character is wider than 
the outline, and its ascender is significantly taller than it would be if more pixels were available. 
With twice as many pixels available, the 144 dpi (center), which is not normally available on 
any monitor or printing device, the distortion is still visible, but stem widths and ascender 
height are closer to the outline. At 432 dpi (right), higher than low-end laser printers, all 
proportions are correct, and details (like serifs on the stem) are represented, though the distinct 
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jags are still seen on close inspection. Obviously, from 600 dpi up, the character would start to 
look like itself, with graceful curves and smooth angles (Barger, Kammermeier, and 
Millspaugh 1996, p.5). Since the resolution of the monitor is limited, it is suggested that font 
size no less than 12-point should be used in Web design. 
c. Space 
Adequate spacing is essential to the legibility of information, and is generally 
overlooked in some Web sites. Spacing between letters, words, and lines is the main space 
issues in typography. The space differs according to the size and typeface implemented in Web 
browser's settings. 
The letter space is essential to the legibility of relevant dense areas of small text. Letter 
spacing which is too tight risks words running together and when it is too loose, reading flow 
is difficult to maintain. Similarly word spacing should not be too much or too little to divert the 
users' attention from the content. Word spacing is often dependent upon the type size and line 
length. The space between letters and words should be proportional to the width of the letters. 
HTML uses the standard system fonts and only allows one space between any two characters. 
Inserting the non-breaking space tag "&nbsp" is the way to get more than one discrete space 
between individual characters. 
The spacing between lines of text is called leading which is another important 
consideration, particularly when textual information is dominant. One rule of thumb for 
determining the spacing between lines is to use one-third of the point size of the type on the 
current line, plus two-third of the point size of type on the next line (Greenwald and Luttropp 
1997, p.92). Also the text can be formatted into a column or two to shorten the text line since 
the leading setting is closely influenced by the length of the text line. Generally serif typefaces 
tend to need less line spacing than san serif due to the more distinctive baseline and a short x-
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height. Letters with short ascender and descenders require more leading so the eyes do not 
jump from lines. 
The leading adjustment is not easy since the users' local computer will render the text 
by its own system fonts. Either the use of HTML tag or image formatted file can regain the 
control over the leading. For example, <font size=+ l><lfont> tags increase the space between 
the text lines; or <br>, and <p> tags. The leading got from the HTML tags always depends on 
the default typeface and font size on the users' local computer. The use of small transparency 
image or other designed images can get the better control over the leading. 
As a general rule, be generous with blank space to avoid exhausting the user with 
overwhelming text. Use empty space to control the user's pace through the text; gaps between 
blocks of text will cause the user to pause emotionally and conceptually. 
2. Image 
Designer Meggs defined images as "pictures of all kinds, ranging from simple 
pictographs to illustrations and photographs" (Meggs 1992, p.17). Here images on the Web 
are expanded to include logos, icons, animation, virtual reality, and so on. In Chapter Three, 
through the discussion of human cognitive psychology, it has been established that images are 
generally easier to recognize and recall. The implementation of images in Web site design is 
helpful for a clear recognition for the navigation structure and identification. However, the 
purpose the images serve is the same as those in prints: to convey visual and verbal information 
with expression and clarity, which is much broader. Therefore, the design of images shares 
the same principles and to great extent, same technical tools. The simplicity is important in 
implementing the image on the Web site, due to the computer technology limitations and the 
human cognitive psychology. Normally the complex and detailed images often produce 
confusing results for the user. The image should also provide some visual consistency with 
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other elements of the Web page and particularly when integrated into the identity system of 
whole site to facilitate predictability and prevent confusion. Image transformation techniques 
used in prints, such as image alteration, exaggeration, combination, photomontage, different 
camera angle and viewpoints, etc., are still very powerful in Web design. However, there are 
some unique features in designing images for the Web page. 
a. Image Size and Image Compression 
Designers usually compose an image with the highest resolution they can use. The 
resulting image files are very big and take long time to load. As mentioned in Chapter Three, 
users are impatient. Time to load a file should be controlled in less than 10 seconds to keep 
them focused on the Web site. Use small image is one way to reduce image size. But the 
resolution and color of computer screen display cause the legibility problems for the small 
images. For example, some thumbnail pictures show too much photographic details in too 
little space are difficult to be clearly visible. It is good to design a thumbnail in lx2 or 2x2 
inches size instead of lxl inch. The image should communicate some information to the user 
and have a clean and uncluttered appearance. If it is impossible to represent an image clearly 
with a thumbnail then it will be better to use a textual description instead (Nielsen 1996a). 
Image compression is another way to reduce the file size. On the Web the GIF 
(Graphic Image File Format) and JPEG (Joint Photographic Experts Group) are two most 
frequently used image compressing format. The GIF file format normally compresses the 
image to a 8-bit (256 color) image or less, based on the video card of the most users' 
computer. For a simple charts and diagrams, only 4-bit (16 color) is required to get an 
acceptable qUality. The file size is cut when color information is reduced. Graphic converters 
then dither the image, in which the colors of the adjacent dots are altered to approximate the 
missing colors, to represent the full color range. Generally the images with large areas of flat 
color will compress more efficiently. Conversely, an image that changes consecutive pixel 
52 
values often, like the softly gradient color will not compress efficiently, it may even increase 
the file size if the compression algorithm is not smart enough to realize. 
The JPEG files are 24-bit (16.7 million color) image files regardless of whether the 
computer has 24-bit video card or not. JPEG compresses the picture by selectively discarding 
colors less essential to human perception to reduce the file size. Compressing the image to 
JPEG format is indeed a trade off between image quality and file size. When an image is 
compressed at the ratios of 10: 1, it shows little loss of image quality, whereas a 100: 1 
compressed picture will lose most of its fine details, and colors will be simplified into blocks. 
This highly compressed image will have strange color dots or blocks that are not visible in the 
original image. 
The compression of image is on image by image basis, it is difficult to say which one is 
the best choice. Generally using JPEG compression artifacts are more apparent on graphic 
images. If a smaller file size is preferred than higher quality, the JEPG can be used. GIF 
format files are bigger and tend to look better on a normal 8-bit screen. GIF are usually used 
for the computer-generated images, such as logos, icons, and buttons. Another difference 
between GIF and JPEG is that GIF can recover the lost color information in decompression 
while JPEG can not. That is the reason JPEG is referred as "lossy" and GIF is called 
"lossless" compression. 
b. No Images 
Different from printed images, the image on the Web site can be turned off by the user. 
In order to compensate the lost information, several things can be done. First, an explanatory 
text can be added using <all> tag to indicate what the image is about when it is switched off. 
Secondly a choice can be offered to lead to text-oriented pages. Also, text alternatives of 
graphical indexes, imagemaps, and navigational aids should be provided. 
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3. Screen Color 
a. Additive and Subtractive Color 
The color on a computer monitor is formed by electron bombardment of minuscule 
phosphor dots on the screen to emit lights. It is different from the traditional drawing, 
painting, and printing. For example, in painting, pigment is added to a surface in order to 
block a part of the visible spectrum from being reflected. This is called subtractive color. The 
computer monitor begins with a dark screen and adds lights to it by illuminating the screen. 
This opposite way of painting on paper is called additive color (Norman 1990, p.78). In 
printing industry black, cyan, magenta, and yellow are used as industrial standard because 
when mixed by subtraction they produce the greatest variety of colors. On the other hand, the 
primary colors on the computer monitor are the red, green, and blue. The additive primary 
colors are the complements of the subtractive primary colors. Any of the subtractive primary 
colors can be created on a monitor by mixing the additive primary colors; yellow by mixing red 
and green, magenta by mixing red and blue, or cyan by mixing green and blue. However, the 
result of mixing colors additionally can be very different from what is achieved through 
subtractive mixing. Figure 4-2 compares the secondary hues generated by additive and 
subtractive mixing of three primary colors. The value of the hues is different while saturation 
level stays the same. However, additive mixing of red and green generates yellow while 
subtractive mixing of these two is so dark as not to be recognized as yellow (Norman 1990, 
p.80). The difference between addition and subtraction is really one of the value: additive 
mixtures are always lighter than their mixer parents are, subtractive mixtures are always darker. 
Designers should be careful when using colors of high saturation for text or 
background because they are usually too bright on the screen. Complementary colors on one 
screen seem to vibrate and will quickly fatigue the eyes. 
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(a) 
(b) 
Figure 4-2. The primary colors with a) additive secondary colors and b) subtractive second-
ary colors (Norman \990, p.79) . 
b. Color Specification 
Most computers have some built-in color model, perhaps even a choice of systems for 
the selection of color. The most common methods of color selection provided by loday's 
computer systems include RGB specification. CIE uniform color space. HLS specification. 
and HVC color solid (Norman 1990. p.62). The most elementary means of controlling color 
on a computer monitor is by RGB specification, specifying the different intensities of red. 
green. and blue light. Each color component is represented by one byte and can have any of 
55 
256 values of red, green, and blue. The color can be exactly specified by indicating the relative 
intensity of each color from 0 to 255. 
These decimal color values need to be translated to its hexadecimal equivalents for Web 
color specification. The hexadecimal system is widely used in computing to reduce the space it 
takes to store certain information. It uses number 0-9 and letter a-fto indicate the values of the 
colors, since it needs 16 symbols. In HTML, color specification is expressed in RRGGBB 
format where RGB ranges from 0 to F (00=0; FF=255). Virtually unlimited number of solid 
colors can be generated. 
c. Safe Color Palettes 
The same color may appear differently on different computer platforms and Web 
browsers which has been pointed out in the Chapter Two, Section C: The Limitations of the 
Current Technologies for the Web Publishing. For example, the color displayed on a Mac 
computer screen is usually lighter than it is on a PC or a UNIX platform. There are many 
different approaches to get a relative safe color palette. The safe color will not alter among 
most browsers, multiple computer platforms, or different operating systems. It is very helpful 
when designers specify the colors of the background, text, link, active link, and visited link. If 
designers do not choose the color from the browser safe color palette, the Web browser will 
change the designed color and convert it to one of the colors on the safe color palette anyway. 
The custom artwork, such as illustration, logo, or carton, that involve large areas of the solid 
color, should work with those browser safe colors as well. If the image file is the scanned 
photography just save it in an adaptive palette, the browsers can do a great job of converting 
the file to the browser-safe colors. 
There are also many tools to make the use of the safe color palette easier. Linda 
Weiman suggested a browser-safe color chart. Those colors are used by most popular 
browsers (such as Netscape, Microsoft Internet Explorer, and Mosaic) whenever they serve 
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Web pages to the end users' systems that are limited to 8-bit color display (256 color video 
cards). This color chart can be obtained from her homepage under URL: 
http://www.linda.com (Weiman 1996b, p.203). Meanwhile many other Web color tools are 
available on the Web. For example, the ColorCenter (Hidaho Design 1996), is a very 
convenient one which allows the users choose the color from the safe color palette, view the 
result, and get the hexadecimal system color code at the same screen with a very high perform 
speed. 
4. Multimedia 
As supplements to the traditional media of text and images, multimedia such as 
animation, video, and audio are becoming more and more popular on the Web. The technical 
aspects of the multimedia are beyond the scope of the current discussion. Interested readers 
can find more information in, for example, Wilson's "World Wide Web Design Guide" 
(Wilson 1995). "Guidelines for Multimedia on the Web" (Nielsen 1995) has an excellent 
analysis about the capabilities and design constraints of multimedia. He pointed out that 
animation is a powerful tool for lots of purposes, for instance, showing continuity and 
dimensionality in transitions, illustrating change over time, multiplexing the display, enriching 
graphical representations, visualizing three-dimensional structures, attracting attention, and so 
on. However, animation can also distract the viewer from information mainstream. For 
example, it is difficult for the viewer to concentrate on the text when a permanently moving 
object is in his view. Therefore, it is suggested that an initial animation to be used to draw 
viewer attention followed by static text or image to facilitate the reading. 
Video is also frequently used on the Web, although the result is not satisfactory. A 
full-motion video shows 25 frames (PAL standard) or 30 images (NTSC standard) per second. 
Enormous amounts of computer memory and processing time are needed to store and play 
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them. Since the bandwidth of transmission is limited, there is a trade off between image 
quality and playback quality. Image resolution suffers if the frame rate is set too high and vice 
versa. It is suggested that a 10 -15 frame per second frame rate in MPEG format and 320x240 
pixels size is generally acceptable (Wilson 1995, p.188). Currently, video is good for: 
promoting television shows, films, or other non-computer media that traditionally have used 
trailers in their advertising. 
Audio provides a channel other than visual display to convey information to the user. It 
can be used to offer commentary or help without obscuring information on the screen. For 
example, speech can be used to teach users the pronunciation of a word in different languages. 
When users' participation is needed to achieve certain results, speech is also very effective in 
giving step by step instructions to the user. Audio can also be used to provide a sense of place 
or mood. The process of downloading a file can be accompanied by the sound of pouring 
water to fill up a cup. The sound effect simulates real life environment and helps users to get 
the information more effectively. However, background sound should be quite in order not to 
compete with the main information for the user's attention. Also, users should be given 
options to turn it on or off. Audio files are much smaller than video files, and high quality 
sound effort is relatively easy to achieve. 
Multimedia creates a new dimension on the 2-D computer screen and greatly enhances 
the functionality of electronic communication. It is predictable that with the development of 
computer technology, the user will see more and more use of multimedia. 
B. Designing Information Structure 
The Web is a unique communication system. It is not an electronic alternative of a print 
material. A good Web would not be created out of the content optimized for any other media. 
The ideal way of designing a Web site is to have the design team develop the content for the 
58 
Web first, other than transfer the non-Web content. Unfortunately, it is not likely to happen in 
the real world. The designers may have to work on the source content that comes from a 
multitude of formats from different sources. They need to organize, prioritize, and then 
integrate the components into a cohesive communication design solution. Making the complex 
information data more understandable to the users is the main responsibility of communication 
designers and the purpose of Web publishing. To achieve this understanding, the designers 
should organize and structure information before making decisions that determine the visual 
style or presentation. 
The lack of an obvious organizational structure of the information space is the main 
reason of the "being lost in hyperspace" problem for browsing the Web. A good, logical, and 
organizational structure will help to eliminate the problem. The organizational framework 
supports the intended functionality. To design a successful information structure, the designer 
must keep in mind the function or goal of the site, the user's tasks and needs, as well as the 
unique features of the Web medium which are used to facilitate these design objects. The 
following sections discuss several elements which are critical in structuring the information in 
order to achieve an efficient and clear information structure. 
1. Internally-Centered Sites and Customer-Focused Sites 
The purpose of a particular site is the first question that the designers should define. 
"An overall project goal clearly states the fundamental reason for establishing a Web presence, 
directing further activities, while keeping the design focused toward a single, central goal. 
Once project goals and objectives are determined, appropriate content and functionality that 
support these stated objectives are identified" (Sano 1996, p.78). 
Goals and objectives vary greatly depending on the nature of the Web site. 
Nevertheless, most Web sites can be characterized as customer-focused or internally centered. 
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In the customer-focused sites the appropriate on-line information is determined by the need of 
the intended users or the activities which support users' task. For example, students and 
potential students are usually defined as the primary users of the Web site of a college or 
university. The objective of the site is to provide more information to make easier the students' 
college life, such as the introduction of the academic programs, financial aids, registration, 
student services, university housing, and so on. On the other hand, some academic institutes, 
such as national laboratories, may use another approach of self-promotion. Their Web sites 
may focus on the corporate history, historical achievements, mission statement, and annual 
report. As a matter of fact, it will be more often to see a site, especially commercial site, to 
combine these two functions together: using self-promotion to attract the customer and provide 
on-line service to help the customer. 
2. Writing for the Web 
Although hypermedia technology gives Web designers lots of options in conveying a 
information data to the user, the use of text is still the most important method in Web 
communication. The function of hyperlinks gives the Web site a nonlinear navigation feature 
that is totally different with the linear structure of other traditional visual communication media. 
However, the Web authoring should follow a general guideline: the writing style for Web 
publishing should be straightforward, concise, and short. It is mostly due to the fact of users' 
behavior in dealing with electronic media: read slower, tend to be impatient, easily distracted, 
and so on. "Skimming instead of reading is a fact of the Web and has been confirmed by 
countless usability studies" (Nielsen 1997c). Web users tend not to read streams of text fully. 
Instead, users scan text and pick out keywords, sentences, and paragraphs of interest while 
skipping over those parts of the text they care less about. Concise and clear authoring is 
especially important when the Web site is highly task-oriented which requires users' 
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interaction, such as supporting home banking services, shopping, or user registration. A very 
clear information about the required input is needed. And the further messages are needed to 
inform the users of their success, or tell them how to remedy the situation if they encounter a 
problem. The messages should be constructive, positive, objective and advise the users as to 
how to correct the situation if they were unsuccessful. The step by step information is needed 
to fulfill the task in a direct, affirmative statement. 
3. Organizing Content 
Viewing a Web site is different from reading a book which has clearly defined covers, 
with the content confined between the outer book covers in a linear structure. From the user's 
viewpoint, there is almost no obvious boundary of a Web site since every page links to other 
pages and the users can jump to a Web site at any page instead of its homepage. The 
indistinguishable boundary of a Web site becomes another feature besides the nonlinear 
navigation, which demands the extra effort to ensure that users always know where they are on 
the Web site and where they will go. It has been generally accepted that a lack of well-
organized structure inhibits usability while an explicit structure enhances usability. The "clear 
navigational pathways defined in a structure add much needed predictability to the user's flow 
through the Web site. The user can begin to formulate a model of what comes next or what the 
user has come from. The avenues and pathways throughout the information space lead to well-
defined destinations with clear markings and location cues" (Sano 1996, p.89). 
a. Information Grouping 
The appropriate content and range of supported activities are evaluated based on the 
definition of the purpose and the intended users of the Web site. The evaluation and grouping 
of the information data into related categories are necessary to get an organizational structure. 
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According to Barger et al.: the grouping of the similar and related items into categories has been 
shown to lower the search time by 25% (Barger, Kammermeier, and Millspaugh 1996, p.2). 
For example, if a Web site has a large number of items available on a page, it is necessary to 
categorize them into a few major groups. Too many choices at one time can be overwhelming 
and do not encourage Web browsing, since the capacity of human short memory is limited to 
7±2 items (Hitch 1987, p.124). 
h. Hierarchy of Information Groups 
Hierarchy refers to "an arrangement of elements in a graduated series, from the most 
prominent to the least prominent, in an area of typographic space" (Carter, Day and Meggs, 
p.58). Humans absorb information in units that are intentionally structured, organized, and 
ordered into subcomponents. The human eyes are able to quickly scan at a higher level and 
progress further into detail and related information through the use of hierarchies (Sano 1996, 
p.100). The implementation of hierarchy on information based Web pages facilitates a better 
understanding and quick comprehension. 
The hierarchical structure of the information groups will impact the basic layout and 
visual system for whole Web site later in the process. "Main groupings and subgroupings of 
information in a Web site should be ordered into a hierarchy based on precedence, significance, 
and frequency of access. All main groupings must be evaluated in relation to one another, 
while the content within each category itself is also structured into sublevels of hierarchy and 
precedence" (Sano 1996, p.101). This structure helps the users to establish an appropriate 
metal model to predict the information on the upper, lower, and same level of information 
hierarchy and reach their goal more effectively. However, the overused hierarchy technique 
will narrow down the navigation pathway, and get a too linear structure. The typical example 
is the Web site that has links leading to further links and more links. It puts too many levels of 
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pages without providing any useful information to the users. This kind of Web site forces the 
users to traverse through too many intermediate pages to locate the needed information. 
c. Hyperlinks 
Hyperlinks support the quick traversal across the information structure to related or 
needed information that may be at multiple locations and hierarchies within the organizational 
framework. The feature of the hyperlink gives the Web design the opportunities for 
determining a precedence to provide useful links or functions. It is also a challenge for 
designers taking advantages of the hyperlinks "without overloading the page with subordinate 
functionality and avoiding the disorientation caused by a sudden jump to a different location" 
(Sano 1996, p.89). 
Links should be provided according to the specific user's task. The use of links which 
leads to irrelevant information causes useless travel on the Web and tends to distract the users 
from the original thought or concept. For example, if a commercial site is designed to 
introduce company's products and services to the public. It might not be wise to distract the 
users by links to its employees' personal homepages. 
d. Search 
In a Web site which contains thousands of documents (like university homepages), no 
matter how good the organizational structure is, to find a particular information will take a lot 
of time and efforts. Therefore in large scale information spaces, it is always desirable to have a 
search engine available to complement the organizational framework. Search engine 
technology provides the necessary means to find documents based on specific user queries, 
such as address, keywords, or author. The main advantage of search technology is that it 
delivers specific information to the users, instead of the users browsing coarse-gained 
hierarchies to locate it. However relying solely on search engine, without an explicit structure, 
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can sometimes inhibit users from finding information, since a search engine requires users to 
have some knowledge of the information they are seeking, which the users do not always 
have. In this case a clear structure is necessary to guide the users in their navigation. 
4. Framework 
"In the design process, navigational pathways to logical groupings of content 
throughout the framework are defined and tested early in the development stage. Depending on 
the project goals, contents, and nature of the Web site, a suitable structure is designed and can 
be tested through stages of sketches and prototypes. The required user navigation, interaction 
sequences, and task-flow to fulfill specify goals are verified and tested. Early prototype 
prescribed in the design methodology allows for modifications and refinement, before final 
HTML or graphic production begins" (Sano 1996, p.88). 
The framework in Web design is normally a tree structure like approach. At the top 
level is the main node (homepage) which is the first default page of a site. The links on the 
first level page lead to the second level nodes that indicate multiple major groupings of 
information. The second level groups or nodes are bi-directional and can go back up as well as 
horizontally across to other second-level nodes. They may be three-directional and can go 
further down the hierarchy to the third level groupings if the site has third level information 
groups. Darrell Sano suggested a two-step process to design an effective organizational 
framework. First, the information space must be organized and structured into a network-like 
diagram, indicating obvious hierarchies of major information groups. Second, the interaction 
flow through the framework for each user task is isolated and exposed, which is visually 
represented by individual task-flow diagrams (Sano 1996, p.103). The focus of the diagram is 
on the continual refinement of an effective, obvious organizational framework for users to 
complete their tasks. The use of diagram in the early stage of site development can prevent the 
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designers from the urge to jump into visual details or graphic styles. It is suggested that the 
organizational diagrams are simple, clear, and use geometric shapes to represent hierarchies 
and information groupings. Yet they should communicate essential information, and help to 
previsualize the Web site (Sano 1996, p. 112). 
When the organizational framework structure provides the higher level, global "model" 
of the information space, the task-flow sketches magnify lower-level views of user interaction 
within a particular node of the structure. The isolated task is exploded, evaluated, and refined. 
A goal is central in the user's mind, and a clear definition of users' tasks to attain this goal is 
described. The design of Web applications should then support the user's task to attain the 
goal. This includes the support for linking to related information, to help the users in particular 
situation or activity. There are opportunities for hypertext travel across the framework; these 
cross-links are identified and evaluated for relevancy and usefulness. Determining when and 
where links are necessary is a major challenge to an effective Web design (Sano 1996, p.114). 
Although the tree-style structure is the most used framework for the Web navigation. A 
linear or partly linear structure may be suitable to a specific purpose of information servicing. 
For example, if the conveying information is for telling a story which is better viewed in a 
particular order. The structure for this type of information is better to narrow down to a linear 
arrangement. On the Web, there are many sites have "front doors" before showing the core 
page which has the links to the main information groups. The "front door" is also known as a 
splash screen, loads quickly and tells people what's going on inside the site. Its function is to 
tell users where they are and grab them into the site without serving them the whole categories 
of the information data at very beginning. The trade off of the front door is that the users have 
to traverse through more intermediate pages to locate the needed information. 
It is obvious that Web sites, which serve different purposes and users, are different in 
information grouping, hierarchy, and framework. However, the general principles of 
information structure can be used as guidelines in Web site design. 
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c. Design Principles and Techniques 
The primary objective of Web publishing is to convey certain information effectively to 
the user and allow user to perform the required tasks in most efficient manner. Information 
structure is organized for this purpose. However, it is the visual presentation of this 
information structure that finalizes the Web site design. It is the step responsible to make the 
interactivity really work. The clarity of the visual presentation of the information structure is 
based on the understanding of the information structure for the Web, and is accomplished 
through the applications of the visual design principles. 
To achieve this goal many techniques can be directly transferred from graphic design 
discipline into Web site design, since the Web is also a visual based communication medium. 
The Web designer combines words, icons, images, videos, and animations into a visual-verbal 
gestalt that the users can easily understand. A simple, consistent, and identical visual 
appearance of a Web site is the main characteristics of a well-designed visual communication 
system. The simplicity and consistency should be the most general guidelines while using 
several very important design techniques, such as hierarchy, repetition, contrast, and structure. 
The applications of the visual design principles in Web site design are relied on the 
understanding of the behavior of Web users and their interaction principles, as well as an 
awareness of the limitations and advantages of computer technologies in Web publishing. The 
task of the designer involves forming an intricate communication message while building a 
cohesive composition that gains the order and clarity from the relationships between the 
elements on every Web page, and design much needed identification cues and navigation 
controls for users. 
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1. Simplicity 
Simplicity of visual form and layout plays a significant role in designing an effective 
Web site. There are two major factors indicate that simplicity is necessary and critical in Web 
site design. The first and the most important aspect is that users' recognition and 
understanding of the conveying information on a web site involves the human mental processes 
of detection, identification, and memory (which were discussed in Chapter Three). According 
to the human perception, users attempt to order and interpret the information gathered by the 
eyes in the simplest possible way (Martinez and Block 1985, p. 9). The psychologist Stephen 
Reed pointed out that "the perceptual system operates on efficient principles which structure 
patterns in a manner that minimizes their complexity" (Reed 1973, p.Sl). The more complex 
the visual forms and the layout of a Web site are, the more difficult they are for the users to 
recognize, understand, and memorize them. 
Since the visual presentation (graphic interface) of a Web site is designed for an 
effective and interactive communication, the users need to respond to the visual form (for 
example, the navigation icons) instantly. Therefore, the perceptive process of identifying and 
memorizing the form has to be so rapid that it only takes a few seconds. The experiments by 
Granovskaya, Bereznaya, and Grigorleva demonstrated that the time required for correct 
recognition of characters depends varies from 1.52 to 1.79 seconds (Granovskaya 1987, 
p.l13). Experiments also show that people can memorize simple forms easily and quickly than 
complex forms. Their conclusion is that "the more details a figure contains, the more complex 
it is and the greater the possibility that revealed elements may be forgotten or transformed in 
memory during the time between its perception and its recognition - and, consequently, the 
lesser is the possibility of its correct recognition" (Granovskaya 1987, p.145). 
According to the functionality of the human short-term and long-term memory, the 
users' short-term memory will be exhausted and result in giving up this recognition process, if 
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they can not detect and identify the structure of the fonn in a few seconds. A simple visual 
presentation is easier for the users to decode. The users will go back and froth between their 
existing experiences and the perceived image until they go through every detail in the matching 
process. Obviously, simplicity is beneficial to increase the possibility of the correct 
recognition. 
The second aspect is related to the current capabilities and limitations of the computer 
technologies. Currently, most of Web users still use 13-inch monitors with low screen 
resolution and 8-bit color depth display (refer to the Chapter Two for more details). Only the 
simplest structure of the visual fonns can retain its legibility. A complex image naturally needs 
more pixels that will end up as a big digital file with poor legibility. The transmission of a big 
image file will slow down the downloading speed, since most users have a 12.2 kbps 
bandwidth. Therefore, the visual fonns on the Web site should be simple in their structure, 
contour, and color. 
In designer Mullet and Sano's opinion, the features of simplicity and complexity of a 
Web is the criteria of usability and communicability. The simple design provides several 
functional and aesthetic qualities: 
Approachability: simple designs can be rapidly apprehended and understood well 
enough to support immediate use or invite further exploration ... Recognizability: simple 
designs can be recognized more easily than their more elaborate counterparts ... 
Immediacy: Simple designs have a greater impact than complex designs, since they 
demand a minimum of conscious effort ... Usability: simple designs eliminate 
unnecessary details, which make the fonns more prominent and infonnative (Mullet 
and Sano 1995, p.19). 
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2. Consistency 
The consistent use of visual elements and their relationship is essential in designing a 
visual system to present information with clarity, unity and predictability. The communication-
oriented visual design is always concerned with the comprehensive systems of the information 
data and the effective usability of the product. The Web site should be established with 
sufficient flexibility to accommodate the demands of the each part while molding the 
components into an approachable, understandable system. Consistency is beneficial to Web 
design that makes the experience of using it more intuitive and predictable, and allows users to 
learn the fewest possible new behaviors of the Web site. The predictability and corporate 
identity are highly relied on the consistent use of visual language on a Web site. 
It depends heavily on the consistent use of color, imagery, and typography to establish 
a clear visual expression of the values, culture, and image of the corporate entity. The 
successful identity programs may exploit nearly any visual characteristic, but the selected 
characteristic must hold up across the full range of applications and must be applied 
consistently in each of these contexts. The applications of visual elements in Web site design 
have requirements that are surprisingly similar to the corporate or product identity design. "In 
applying visual design to Web pages, the overall objective includes providing critical 
identification and contextual information for users" (Sano 1996, p.145). To identifying each 
Web page provides information in the global context as well as integrate with the local details 
within a specific area. The identity system of a Web site is essential to allow the users be 
aware of where they are, and prevent them from getting confused and lost in the overloaded 
information environment. 
Predictability of infonuation is necessary in building a visual system, particularly for a 
Web site that contains the nonlinearly structured information. For example, if users are able to 
predict a certain consistently designed placement of main navigation icons on a Web site, they 
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remember, retain, and navigate the information with greater ease. Well-designed Web pages 
add predictability for users; so as to lessen the time spent in relearning the required interaction 
for each page. 
The corporate identity and predictability of a Web site enhance its usability. The 
consistent use of the visual elements and their relationship makes the users not relearn and 
decode the new message at every Web page, which simplifies the users' recognition process, 
increases the speed of recognition, and gives the users a predictable visual experience. 
Nielsen's user study shows that the "users get very annoyed when they move between pages 
on a site and find drastically varying designs at every turn" (Nielsen 1997d). Web designer, 
Darrell Sano expressed his view on consistency: 
Any design system is ineffectual when applied inconsistently. The regularity and 
predictability established among Web pages becomes disrupted. Keep page design 
consistent. Navigation buttons that change location or inconsistent wording 
compromise predictability and obviousness in the Web interface. Adhering to a simple, 
consistent design will always benefit users (Sano 1996, p.150). 
On the other hand, a balance must be maintained within the continuum of unity and diversity. 
Unity is critical to a system in establishing continuity of information and forms, allowing an 
understanding of how the individual pieces integrate collectively within the system. The 
information presented with visual diversity is cue for users to differentiate variances between 
differ categories of information under one Web site, as well as a visual stimulus to attract the 
users' interest, keep their attention, and make the Web browsing more pleasant. However, the 
degree of variability in the design elements must be consistent from page to page, if it is pushed 
to extremes, chaos occurs. 
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3. Design Techniques 
Simplicity and consistency are the major requirements for the visual presentation of a 
well-designed Web site. There are many fundamental visual design principles can be used to 
reinforce the effectiveness of on-line communications. The followings are considered to be 
fundamental rules in Web site design. All of them, if applied properly, make contributions to 
simplicity and consistency of a Web site. 
3. Grouping 
The first step in the development of designing a visual system is to group the visual 
elements into a higher-order unit. "By grouping similar elements together, the designer helps 
the user deal with a complex information display by reducing it to a manageable number of 
units. Higher level structures orient the users and help them establish a plan for moving the 
attention to some interesting potion of the display for a more detailed reading" (Mullet and Sano 
1995, p.93). 
The proximity, similarity, and continuity are the three most powerful and general 
grouping principles which should be emphasized in grouping technique. "The principle of 
proximity describes the tendency of individual elements to be associated more strongly with 
nearby elements than with those that are farther away" (Mullet and Sano 1995, p.91). 
Proximity is of primary importance within the system, particularly with regards to placing the 
categories of information in the same location and in relation to one another. The relationship 
established must allow the user to predict the location of needed information from page to page. 
Spatial intervals between information must remain consistent within the Web site. Similarity 
observes that elements be associated more strongly when they share basic visual 
characteristics, such as the visual variables of shape, size, color, texture, value, and 
orientation, than those differ along these dimensions. Continuity describes the preference for 
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continuous, unbroken contours with the simplest possible physical explanation, rather than 
more complex but equally plausible combinations of more irregular figures. 
Through the proper establishment of the grouping, the conveying information can be 
recognized immediately and effortlessly by the users because it depends on visual phenomena 
operating below the level of conscious attention. 
b. Hierarchy 
The conveying information is grouped and arranged into a hierarchy when designing 
the structure and navigation of the information data on a Web site. In the design of visual 
presentation of the information, the visual elements are first grouped and organized based on 
precedence into a certain order that forms the visual hierarchy. Successful visual hierarchies 
visually communicate and reflect the levels of importance of infonnation, based on the users' 
needs and frequency of accesses. 
Hierarchic arrangement of the components can achieve simplicity. The visual elements 
should be composed into a hierarchy in a way that the most important components are 
emphasized and the less important elements are de-emphasized. For example, the visual 
information that has similar characteristics and functions, such as the topic icons that lead to the 
further information categories which are at the same information layer, should be grouped into 
a similar visual hierarchy and importance. However, when their characteristics contrast, they 
achieve dominant and subordinate positions within the composition (Carter, Day, and Meggs, 
p.S8). The implementation of a hierarchy on Web pages helps to organize the infonnation data 
into a structural information system. It is essential to understanding the complex and nonlinear 
nature of the on-line information pUblishing. 
Again consistency of the hierarchical visual structures within each Web page and Web 
site system is critical for optimum understanding of the information. "Visual design reinforces 
the hierarchy, but only when consistently applied. Haphazard ordering and careless placement 
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of essential identification elements destroy the logical relationships in a clear organization and 
hierarchy. The result is confusion and bewilderment, as the perceptual cues do not reinforce 
the ordering of the same information between pages" (Sano 1996, p.172). 
c. Contrast 
"Contrast is just a kind of comparison whereby differences are made clear. Two forms 
can be found similar in certain aspects and different in other aspects. Their differences become 
emphasized when contrast takes place" (Wong 1972, p.67). The difference of perceptual 
qualities of size, value, texture, shape, orientation, and position establishes visual contrast. It 
is an automatic perceptual characteristic that can be perceived immediately and effortlessly. 
Therefore, visual contrast helps to establish visual hierarchy. 
Designer Mullet and Sano pointed out that "contrasts should be strong, but few in 
number. .. The most successful designs rely on a few basic contrasts to establish order and 
visual identity with the work. Effective visual design uses the compositional dynamics 
produced by effective use of contrast to enhance communication" (Mullet and Sano 1995, 
p.66). For example, the use of highlighting is very effective to make important words catch 
the users' eyes in Web site design. However, there will be no words emphasized if too many 
words are highlighted on a web page. The dominance of majority and emphasis of minority 
normally work together in a contrast structure. Too many contrasts create visual chaos that 
make effective communication impossible. "Contrasts are conscious, few, and overwhelming. 
Gratuitous graphical embellishment are never added as decorative after thoughts or used simply 
because the technology is available" (Mullet and Sano 1995, p.67). 
d. Reduction 
The reduction of forms, contours and colors is a method to achieve simplicity. The 
proper use of reduction signifies the important design elements by removing unimportant 
73 
elements wherever possible. The traffic signs developed by the American Institute of Graphic 
Arts for the U.S. Department of Transportation (DOT) is a perfect example of successful 
reduction process. The pictographic signs express the fundamental visual elements typical of 
an entire class of objects rather than any individual one (for instance, knife and fork to 
represent restaurants). As a result, the drivers can see, recognize, and respond to these signs 
almost spontaneously. This is the effect much desired in Web surfing. To achieve this, 
designers should simplify the visual presentation as much as possible and question the 
necessity of each visual element for the purpose of communication. "Perfection is finally 
attained not when there is no longer anything to add, but when there is no longer anything to 
take away" (Mullet and Sano 1995, p.17). Reduction removes the unnecessary details and 
changes the complicated image from a clustered pile to a simple, direct signal that has stronger 
communicative capability. Mullet and Sano suggested a three-step approach of reduction: a) 
determine the essential qualities that should be conveyed by the design; b) question the 
relevancy of each element to the essence of the design; c) test the necessity of the element by 
removing it form the design. If the design suffers, replace the element. Otherwise, it might be 
omitted. 
e. Metaphor 
In graphic arts metaphor is frequently used technique which uses images or forms 
familiar to the user to convey certain information. Therefore, it is another approach to achieve 
simplicity in Web site design that leads to the explicit communication effects and makes the 
visual presentation more comprehensible. It is often helpful to base a Web site on another 
more familiar model to give users a start on understanding how elements fit together and how 
the site work (Niederst 1996, p.154). However, metaphor is only functional when the implied 
meanings are intuitive and clear to the users. As Nielsen pointed out in his usability study of 
several Web sites: 
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Users may have become so accustomed to the heavy use of metaphors in many WWW 
designs (and system like Bob and Magic Link) that they expect design elements to be 
metaphorical rather than literal. The lesson for user interface design is to consider not 
just fIrst-level interpretation of proposed design elements but also whether they could 
be misconstrued as inappropriate metaphors (Nielsen 1994). 
There are two major reasons that fail the use of metaphors in Web site. One is simply because 
that to interpret metaphor is a challenging thinking process. Since the "metaphor involves not 
only semantic, syntactic and cognitive aspects, but also the contextual aspects about culture and 
the individual's knowledge and living environment" (Cormac 1985, p.21). Even an excellent 
metaphor requires the user's certain thinking process to search for the correct interpretation. 
The users will become impatient if the metaphor is arbitrary and has multiple meanings. The 
target user's language and level of visual literacy , which means skill in comprehending and 
using visual forms, must be taken into account if the designer desires to communicate with the 
user successfully (Meggs 1992, pA). From another view point, since not every aspect of a 
Web site has an appropriate real-world counterpart, it will be very diffIcult for ordinary users to 
decode the over-used metaphors. 
The metaphors on the Web site should be familiar, consistent, and appropriate for the 
modem speeds of Web browsing (Siegel 1996, p.35). For instance, some sites try to create an 
arcade-like interface which heavily rely on the 3-D models and virtual reality images. This 
metaphor approach works at a high bandwidth and on CD-ROMs, but not with modems that 
are the common used transmissions for most \Veb users. The key visual elements of the 
metaphor should be small enough to reinforce the metaphor over and over again. 
f. Repetition and Grid 
To establish a modular system is an effective approach to mold the individual 
components into a well-defined, understandable visual system. It is a systematic approach to 
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achieve consistency in a large information space. " ... the structure is revealed and reinforced 
through consistent application of the module" (Mullet and Sano 1995, p.132). It creates a 
sense of predictability by repeatedly exposing the user to a familiar pattern in a certain manner. 
Once the modular system is accepted by the user, great efficiency in communication is achieved 
since the user can extend the same module to cover the entire problem space. 
Repetition of visual elements reinforces modular system's thematic character. 
Repetition of visual forms usually conveys an immediate sense of harmony. Its function is 
based on the powerful human tendency to perceive regularity in the display. Repetition can be 
applied through the repetitive or very similar use of shape, size, texture, direction, position, 
and space of visual elements. "The structural repetition is particularly important in user 
interfaces to on-line information system where efficient navigation is of critical importance" 
(Mullet and Sano 1995, p.l55). For example, keep the size and color as the critical visual 
elements (e.g. the title bar, important icon, navigation buttons and links) on every page can 
maintain visual momentum across the whole information space. The consistently defined page 
size within a Web site is also fundamental for establishing the modular system. Page size 
dictates the layout, font size, spacing, grid, and image. An appropriate page size setting allows 
every user be able to conveniently view the full page without scrolling, allows the resonance of 
the important information, and improves legibility of the information. The Web pages should 
be set into same width (less than 572 pixels) with a variable in height to accommodate the 
necessary information. 
Grid is a powerful tool to fulfill sensible repetition. "A grid is a system of two-
dimensional guide-lines for positioning elements in a layout. It helps to ensure accurate 
alignment of elements within a single screen, and consistent placement of elements that appear 
on multiple screens" (Kristof and Satran 1995, p. 92). In Web site design, the grid can be a 
valuable layout guide to maintain consistency in its modular system throughout the whole site. 
Grid allows the designers to envision many sequences of positive and negative shape, different 
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sizes, and clear relationships between points on the screen. It helps them to play with ideas 
and work out solutions more quickly. It does so by establishing the accurate position 
alignment of elements. When a grid is set up, the designers just need to accommodate elements 
of different shapes and sizes in a variety of layouts, while providing for overall consistency in 
balance and structure. The position of important elements can be arranged accurately on 
multiple screens according to the designer's intention. It then ensures a consistent look that 
will make the site easier for users to interact with. 
There are many more design considerations and techniques in Web site design. 
However, simplicity and consistency build the foundation to construct an effective 
communication system on. The discussion of above mentioned principles and techniques 
should act as a start point in designers' endless pursues of a good Web site design. 
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CHAPTER 5 • APPLICATION OF DESIGN PRINCIPLES THROUGH 
CRITIQUES AND DESIGN OF WEB SITES 
A. Critiques of the Existing Web Sites 
1. Methodology 
In Chapter 4, it is established that consistency and simplicity are the fundamental design 
principles. However, they are rather design philosophy than techniques to be used in real 
design. In the author's opinion, despite the fact that many different characteristics which good 
Web site designs may have, to effectively convey information to the viewer, two elements are 
most important. They are: a) a well-defined, easy to follow information structure and 
navigation, and b) a clear, organized visual presentation. In the following section, a matrix 
will be proposed to evaluate the simplicity and consistency in Web site design. The critiques of 
two Web sites will be perfonned based on the criteria presented in the matrix. The discussion 
of the designated site is based on the site viewed using Netscape 3.0 with lO-point font on a 
Mac computer with 16 inch monitor at 832x624, 75 Hz setting. 
a. Evaluation Matrix 
The following matrix (Table 5-1) is proposed to evaluate the Web site design 
concerning its application of the principles of simplicity and consistency. Based on the 
literature review and research, it is believed that a hierarchical information structure, easy 
navigation, legible text, functional image, consistent color palette and layout are basic elements 
of a successful Web site design. As a result, "Information Structure and Navigation", "Text", 
"Icon", "Image", "Color", and "Layout" are categories listed in the evaluation matrix. The first 
item evaluates the status of the information structure and navigation of a Web site. The others 
reflect the quality of the visual presentation of the information on a Web site. 
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Table 5-1. The evaluation matrix of a Web site concerning its simplicity and consistency 
Navigation 
Visual 
Presentation 
of 
Information 
Score Scale 
Elements 
Information 
Structure 
and Navigation 
Text 
Icon 
Image 
Color 
Layout 
5 
Excellent 
h. Rating Criteria 
5 
4 
Good 
4 3 
3 
Fair 
2 
2 
Poor 
1 Final Score 
1 
Unacceptable 
The proposed scoring criteria for each category in the evaluation matrix is shown in 
Table 5-2 to Table 5-7. The author's research, although not exhaustive, revealed many 
consistent patterns of application and the use of navigation in the existing design cases. 
Arguments about the utilization of some criteria may be unavoidable. However, it is intended 
that the proposed evaluation matrix and rating criteria can assist the users in evaluating a Web 
site and provide some guidance for Web site designers in their work. 
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Table 5-2. The scoring matrix for navigation - Information Structure and Navigation 
Score 
5 
4 
3 
2 
1 
Criteria 
a. information data are logically grouped into categories 
b. information categories are organized into a clear and simple hierarchy 
c. navigation path follows the information flow, with no unnecessary 
branches 
d. remind the users of their positions in the site 
e. quick and easy access to the demanded information 
a. information data are logically grouped into categories 
b. information categories are organized into a clear hierarchy 
c. navigation path follows the information flow, with a few unnecessary 
branches 
d. remind the users of their positions in the site 
e. quick and easy access to the demanded information 
a. information data are adequately grouped into categories 
b. information categories are organized into a simple, but unclear 
hierarchy 
c. navigation path follows the information flow, with some unnecessary 
branches 
d. users are not aware of their positions in the site 
e. slow access to the demanded information (many clicks) 
a. information data are not logically and clearly grouped into 
categories 
b. information categories are organized into a complex hierarchy 
c. navigation path does not logically follow the information flow 
d. users have problems to find their way 
e. difficult access to the demanded information (too many clicks) 
a. information data are not grouped 
b. unclear and complex hierarchy 
c. navigation path does not logically and clearly follow the 
information flow (with many unnecessary branches and links) 
d. users get lost 
e. too difficult to access the demanded information 
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Table 5-3. The scoring matrix for visual presentation of information - Text 
Score Criteria 
5 a. san serif typefaces are used in the titles and labels 
b. uppercase and lower case are used in one word for titles and labels 
c. no italic typeface is used in the hypertext 
d. text is aligned to the left 
e. font sizes are not smaller than 12 points in the titles and labels 
4 a. san serif typefaces are used in the titles and labels 
b. uppercase and lower case are used in one word for titles and labels 
c. italic typefaces are occasionally used in the hypertext 
d. text is aligned to the left 
e. font sizes are not smaller than 11 points in the titles and labels 
3 a. san serif typefaces are used in most of the titles and labels 
b. capitalized letters are used in some titles and labels 
c. italic typefaces are occasionally used in the hypertext 
d. text is aligned to the right 
e. font sizes are is not smaller than 10 points in the titles and labels 
2 a. serif typefaces are used in the titles and labels 
b. many capitalized text 
c. italic typefaces are frequently used in the hypertext 
d. text is aligned to the center 
e. font sizes are smaller than 10 points in the titles and labels 
1 a. serif typefaces are used in titles and labels 
b. text are all capitalized 
c. italic typefaces are used as the main typeface in the hypertext 
d. text is randomly aligned 
e. font sizes are smaller than 9 points in the titles and labels 
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Table 5-4. The scoring matrix for visual presentation of information - Icon 
Score 
5 
4 
3 
2 
1 
Criteria 
a. clear representation of the intended function 
b. simplified and well-drawn objects 
c. consistent style and reflects the conceptual theme 
d. the size of the icon is not smaller than 2X2 inches 
e. physical location of the icon is consistent throughout the whole 
Web site 
a. clear representation of the intended function 
b. well-drawn, but not simplified objects 
c. consistent style and reflects the conceptual theme 
d. the size of the icon is not smaller than 2X2 inches 
e. physical location of the icon is consistent throughout the whole 
Web site 
a. the icons convey the message adequately 
b. complicated image used 
c. inconsistent in style, but still reflects the conceptual 
theme 
d. size of the icon is not smaller than lX2 inches 
e. physical location of the icon is not quite consistent throughout 
the whole Web site 
a. the icons do not convey the message clearly and logically 
b. complicated image used 
c. some inconsistency in style and does not reflect the conceptual 
theme 
d. size of the icon is smaller than 1 X2 inches 
e. physical location of the icon is inconsistent throughout the whole 
Web site 
a. the icons do not convey the intended message 
b. lacking a simplified image and poorly drawn objects 
c. inconsistent in style and can not reflect the conceptual theme 
d. size of the icon is smaller than 1 X2 inches 
e. physical location of the icon is inconsistent throughout the whole 
Web site 
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Table 5-5. The scoring matrix for visual presentation of information - Image 
Score 
5 
4 
3 
2 
1 
Criteria 
a. clear representation of conveying message 
b. simplified and well-drawn objects 
c. consistent with visual and conceptual theme 
d. well compressed image with high visual quality 
e. images give hints to navigation icon; the visual forms used in image 
maps are consistent with those used in navigation icons 
a. clear representation of conveying message 
b. well-drawn, but not simplified objects 
c. consistent with visual and conceptual theme 
d. well compressed image with good visual quality 
e. images give hints to navigation icon; the visual forms used in image 
maps are consistent with those used in navigation icons 
a. complex representation of conveying message 
b. complicated image 
c. some inconsistent in visual style, but still reflect the conceptual 
theme 
d. fairly well compressed image with high visual quality 
e. the visual and conceptual relationship between the images, image 
maps and navigation icons are inconsistent 
a. ambiguous representation of conveying message 
b. complicated image 
c. some inconsistent with visual style, and can not reflect the 
conceptual theme 
d. images are not compressed but with high quality 
e. the visual and conceptual relationships between the images, image 
maps, and navigation icons are ambiguous and inconsistent 
a. unclear representation of conveying message 
b. lacking a simplified image and poorly drawn objects 
c. inconsistent with visual and conceptual theme 
d. images are not compressed and with low quality 
e. no visual relationship between the images, image maps and 
navigation icons at all 
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Table 5-6. The scoring matrix for visual presentation of information - Color 
Score Criteria 
5 a. simple color palette 
b. clear expression of conveying message 
c. color codes are utilized consistently throughout the whole Web site 
d. appropriate utilization of color contrast 
4 a. simple color palette 
b. clear expression of conveying message 
c. color codes are utilized consistently throughout the whole Web site 
d. fair utilization of color contrast 
3 a. acceptable color palette 
b. complex expression of conveying message 
c. color codes are not very consistent throughout the whole Web site 
d. fair utilization of color contrast 
2 a. complex color palette 
b. ambiguous expression of message 
c. color codes are utilized inconsistently throughout the whole Web site 
d. poor color contrast 
1 a. extremely complex color palette 
b. ambiguous expression of conveying message 
c. color codes are utilized inconsistently throughout the whole Web site 
d. unacceptable color contrast 
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Table 5-7. The scoring matrix for visual presentation of information - Layout 
Score 
5 
4 
3 
2 
1 
Criteria 
a. grid system is well defined 
b. visual hierarchy is clear and consistent 
c. appropriate size of display area and appropriate length of the 
text line 
d. grid system is used consistently 
a. grid system is well defined 
b. visual hierarchy is partially established 
c. appropriate size of display area and appropriate length of the 
text line 
d. grid system is used consistently 
a. grid system is fairly defined 
b. visual hierarchy is partially established 
c. display area is too wide, but the length of the text line is acceptable 
d. the use of grid is not consistent 
a. grid system is poorly defined 
b. lack of visual hierarchy 
c. display area is too wide to fit the computer screen and the length of 
the text line is too wide 
d. the use of grid is not consistent 
a. no grid system 
b. no visual hierarchy 
c. display area is too wide to fit the computer screen and the length of 
the text line is too wide 
d. no grid system 
2. Analysis of "Cybertown" Web Site Using the Evaluation Matrix 
Cybertown (URL: http://www.cybertown.coml) is a virtual reality site which provides 
entertainment, information and commerce. It is claimed to be one of the most awarded Web 
sites which gained 76 Awards, including "CINet Best of the Web". It receives on average 
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nearly 8 million hits a month. However, this popular Web site has serious design problems 
which will be discussed in the following sections. 
The author's evaluation based on the rating criteria is shown below (see Table 5-8). 
The design of Cybertown is rated "poor" in meeting the requirements of simplicity and 
consistency. 
Table 5-8. The evaluation concerning the simplicity and consistency of the design of 
Cybertown Web site 
Navigation 
Visual 
Presentation 
of 
Information 
Score Scale 
Elements 
Information 
Structure 
and Navigation 
Text 
Icon 
Image 
Color 
Layout 
5 
Excellent 
5 
4 
Good 
4 3 
...J 
3 
Fair 
2 
...J 
...J 
...J 
...J 
2 
Poor 
I 
...J 
Final Score 
2 
1 
Unacceptable 
..... 
-
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Figure 5-1. The "Homepage" of "Cybertown" Figure 5-2. The "Search" page 
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a. Information Structure and Navigation 
To build a concise, hierarchical information structure is essential to a site like 
Cybertown that contains hundreds of categories. Unfortunately, Cybertown doesn't provide a 
clear information structure. It gives an impression that all the categories/links are randomly 
piled together. The Homepage contains a 68-link list which lasts five scrolling pages long (see 
Figure 5-1). Some of the links are repeated, some others have similar names but lead to the 
different Web pages. For example, there are "Search" and "Search Engines" on the 
Homepage. The "Search" leads to a page containing 58 main links ofthis Web site (see Figure 
5-2). The "Search Engines" jumps to a section named "Search the Web" under "Cybertown 
Service" page. The search engines posted in this section mixed outside search engines and its 
local Cybertown search together. 
The same information can be found through different links on the Homepage, which 
causes the large number of the links. For example, the map of this Web site can be got through 
the hypertext link ''The Cybertown Map" and "Guided Tour", as well as the "Search" and 
"Map" icons. 
Even the "Map" page does not provide a clear sense of the information structure and 
navigation (see Figure 5-3). The "Map" page is a simple floor plan of the Cybertown with 
random arrangement of links. Since no visual hierarchy and navigation path is provided, the 
"Map" is just an another version of the link list like those on the "Home" and "Search". 
Evidently, the designer tried to use "Search" and "Map" to help user get a better view of the 
information structure. However, this attempt failed. 
Without a hierarchical information structure, it is impossible for the user to build a 
mental model which can lead them to conduct an effective navigation. Users have to frequently 
link back to the Homepage to find their way to other pages among those 68 links. To make the 
situation worse, some of the pages do not have a link to get back to the Homepage, for 
example, "the Spaceport" and "Software City" pages. In some occasions, the user has to scroll 
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Figure 5-3. The "Map" page 
many pages to get to the bottom of the page and click on the "Home" icon. For example, if a 
user is on the "Cybertown Frequently Asked Questions" page, he has to scroll 17 pages to get 
the "Home" icon. 
b. Inconsistent Application of Visual Elements 
The lack of visual theme is another weakness of Cybertown Web site design. There is 
no grid system for organizing images and text, and no consistent color palette to indicate the 
function of the visual elements on the Cybertown Web site. Without a grid system and 
consistent color palette, the Web site fails to build a clear and consistent visual hierarchy, 
which is very important to makes the on-line information predictable, easy to navigate and 
understand. The design of visual presentation have problems in the following aspects. 
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Figure 5-4. The "Entertainment Complex" page 
i. Inconsistent Use of Icons 
The appearances of functional icons are not consistent on Cybertown Web site. Most 
ofthe pages have three icons: "Search", "Map", and "Home" on the bottom (see Figure 5-7). 
However, many other combinations are also used. For example, the icons on the bottom of 
the "Entertainment Complex" page are "Search", "F AQ", "Map", and "Home" (See figure 5-
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4). The Figure 5-8 shows the same function icons with different images. Figure 5-9 shows 
the another icon leads to the Homepage. Their order and location are also different from page 
to page. Sometimes just "Search" and "Home" (see Figure 5-10), or they are used individually 
(see Figure 5-6). Normally they are aligned to the center in the bottom of the page. Sometimes 
they are separated and located higher or on the bottom of the page (see Figure 5-2), or aligned 
to the left (see Figure 5-11). The inconsistency in using icons causes confusions for the user 
and surely impairs the functionality of this site. 
ii. Isolated Images 
A functional image goes beyond a pleasing appearance. It should be an integrated part 
of the site to convey the information, help the navigation, etc. Cybertown has many 
impressive images, however, most of them neither playa role in building a visual identity 
system nor help the navigation (see Figure 5-1, 5-2, 5-6, and 5-7). For instance, the complex 
image on the Homepage gives a view of the whole Cybertown. But the names, visual forms, 
and locations of the buildings on Cybertown Web site are not reinforced in any other 
subcategories. It severs no function other than decoration. 
iii. Inconsistent Color Palette 
On the Homepage, the black color is the dominant color, while the cyan, white, and 
magenta are the secondary colors. These colors build a color palette for this Web site. 
Unfortunately, this color palette is not used consistently through out the Web site. For 
example, the color palette of "Advertising in Cybertown" page has white, violet, and magenta 
(see Figure 5-6). On "Cybertown Education Center" page the background color changed to the 
solid gray color and the color of hypertext links becomes blue instead of the cyan on the 
Homepage (see Figure 5-5). The link color is changed to magenta on "Search" page (see 
Figure 5-2). These frequent changed link colors makes the navigation more difficult. Such 
random use of color palates is seen everywhere on this site. Abrupt changes in color damage 
the visual identity of this Web site. 
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Nelscap.: EOUCRTION CENTER 
• Editorial -- Guest columnist of the week 
I. The Cybertown Campus "'" 
Amasslve educational resource on the Web featunng 
around 500 links covenng a very broad ",nge of sublects 
and age groups More pans of Ihe Campus opening 
every day Also In 3D VR 
• The Web as a Learning Tool 
A fabUIO'JSIy rich education-oMoted guide to tM Web. 
Every link 'offers sornethlnQ of value If yOU a re Interested 
Figure 5-5. The "Education Center" page 
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Figure 5-6. The "Advertising in Cybertown" page 
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Figure 5-7. Icons on the "Shopping Mall" page 
'" 1 .. ~ ., .... -.,. .-' ," • r'''' t .. .. f' TO 11' " 
.. ,·n,', If.,nl /t",~ .. ·r \'/tll """-,U'I I" • r' .. .",,'f r nlff"<",I I,I,. 
JI1 t HUI~ It 1 ,,<1 .1 'lit' "II~ "p, ,'t'U~ I, "'ul t ,. U ...,!I I.(C 
I"~ 1"'$i'('o1 I.:> 'l;.r.-" II 
A ~ .• 
• :.-0;' 
'Ht'l 
Fig\1te 5-8. Icons on the "Software City" page 
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Figure 5-9. The home icon on the "Mud" page 
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Figure 5-10. Icons on the "Theater of the Absurd" page 
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Figure 5-11. The "Le Cafe Chat" page 
iv. Inconsistent Layout 
There is no grid system on this Web site. For example, there are 40 links aligned to the 
left while other 28 links are floating on the Homepage screen. There is no composition design 
of the visual elements. Meanwhile, the text can go as long as the window since the width of 
display area is not defined in HTML. The lack of grid creates the information chaos on 
Cybertown Web site. 
The only tool used to organize the visual elements on Cybertown Web site is the 
alignment HTML tag. Unfortunately, the application of the alignment varies even more in 
subcategories. For example, all the elements are aligned to the center on the "Entertainment 
Complex" page (see Figure 5-4). There are three to six links in each line instead of one link 
per line as in other pages. The "Search" page organized the 58 hyperlinks into two column 
table and aligned to the left, while the table itself and other elements are all centered (see Figure 
94 
5-2). On the "Education Center" page, there is a black side bar on the right side which creates 
a blank space while no other pages has that feature (see Figure 5-5). 
To summarize, the interface design of Cybertown is damaged by an ill-defined 
information structure, a casual use of icons, color palettes, layouts, and isolated, less-
functional images. The requirement of simplicity and consistency is not met. 
2. Analysis of "RREEF" Web Site Using the Evaluation Matrix 
"RREEF' is a full-service real estate investment advisor. This site advertises their 
identity, products and services to investors, consultants and brokers, and offers clients secure 
access to timely investment information. It has adopted late-generation Web technologies like 
Cascading Style Sheets, borderless frames, colored table cells, and byte served PDF while the 
following discussion focus on its rich, refined interface design. 
The author's evaluation based on the previous research and scoring matrix is shown 
below (see Table 5-9). It is rated "excellent" in meeting the requirement of simplicity and 
consistency. 
a. Information Structure and Navigation 
"RREEF' has a well organized information structure. The user is able to gain a good 
sense of the main categories and functions by several clicks. The flowchart (see Figure 5-12) 
shows how the information is organized into the hierarchical structure. There are five main 
categories on this site "Process", "Products", "Investor", "Consultant", and "Broker". Each of 
them has a certain function. On the homepage these categories are represented by a 
combination of icons and explanatory text which tells the user the contents of the current 
category (see Figure 5-13). 
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The icons of "Home", "Process", "Products", "Investor", "Consultant", and "Broker" 
are always on the top of every page (see Figure 5-14, 5-15). The user can go to any of these 
main categories by a simple click. After clicking the icon, an overview page shows up to give 
the user a brief summary of the content. Subtitles act as links to the subcategories. These links 
are also listed on the side bar. This navigation design enables the user to go to any branches of 
the current category as well as any other main categories. It not only gives the user an easy 
access but also a strong and clear sense of where they are and where they are going. 
Table 5-9. The evaluation concerning the simplicity and consistency of the design of "RREEF' 
Web site 
Navigation 
Visual 
Presentation 
of 
Information 
Score Scale 
Elements 
Information 
Structure 
and Navigation 
Text 
Icon 
Image 
Color 
Layout 
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~ 
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~ 
~ 
~ 
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Figure 5-13. The"Homepage" of "RREEF" Web site 
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Figure 5-15. The " Products" page 
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h. Visual Presentation of Information 
The visual presentation of the information structure of "RREEF' Web site is very clear 
and pleasing. The design of its visual system is based on the understanding of the computer 
technology, user, and the application of visual communication principles. The outstanding 
features of this Web site are discussed below: 
i. Strong Visual Hierarchy 
The carefully designed composition of visual elements, and the contrast of form, size, 
color, as well as positive and negative space reinforce the visual hierarchy of this site. Every 
page layout except the Homepage contains a top bar, a left side bar, and a main display area on 
the rest of the page. The top bar and the side bar are used to place navigation icons. They are 
arranged according to their hierarchy. The logotype of "RREEF' always occupies the top of 
the left side bar, which is the starting point of a page, followed vertically by links to 
subcategories. The title of the current page leads the information on the top bar. The titles are 
on a higher level of hierarchy than the logotype of "RREEF' on all the pages 
except the Homepage. The contrast in font size also contributes to the establishment of the 
visual hierarchy. The title of the current page uses the biggest font among those on the top bar 
and left bar. The text in the main display area also uses different font sizes to build the 
hierarchy. 
Meanwhile, the organic shape of the object on each icon has a strong contrast with the 
square frame of icons and the dominant vertical and hierarchical structure lines of the whole 
page. The light area of the icons and the white label have a contrast with the sienna brown 
background which really makes it stand out. 
ii. Clarity of Visual Representation 
The immediate recognizability of the images at "RREEF' Web site is achieved by using 
simple yet eye-catching visual form and color. A house, keys, cubs, a coin, a scale, and a 
telephone are used as icon images for "Home", "Process", "Products", "Investment", 
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"Consultant", and "Broker" respectively. Since on the homepage all these icons are already 
associated with the names and reinforced by the explanatory text, it is very easy for the user to 
interpret the metaphors. Furthermore, the images are all cut photographs which clearly 
indicates that the intention of using these photographs are not for the presenting the object 
itself, but the conceptual relationship between the object and the information content. The cut 
objects have an exaggerated contour which increases the recognizability and clear 
representation of the images. Every image used on this site conveys particular information and 
contributes to the building a visual system. 
iii. Simple Color Palette 
It's mentioned in Chapter 4 that when the additive colors with high saturation and in 
complementary color relationship are used on screen, they seems to vibrate and will fatigue the 
eyes. The use of color on this site avoids that. There are two basic colors: sienna brown and 
beige, which build up the color palette for the whole Web site. The variety of color is achieved 
by combining the different lightness and saturation of these two basic colors. For example, the 
icons and the images on the side bar are monotone with these two colors, or duotone with their 
very similar colors. Meanwhile, this color combination enhances a sense of harmony due to 
their low saturation. This color palette reinforces the readability of the text and images. 
iv. Well Defined Grid 
The grid is strictly applied on "RREEF' Web site. The consistent application of this 
grid reveals and reinforces the visual system, creates a sense of predictability, and achieves an 
efficient communication. 
The fixed size of frame setting builds the foundation of the grid a<; well as the table 
setting indicates the composition of the images and text. The consistent alignment setting of 
images and text completes the grid system in detail. Figure 5-16 clearly shows the grid system 
in pixel unit. The grid plays a big role in the visual hierarchy system, particularly in defining 
of the empty space that reinforces the contrast between the positive space. 
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Figure 5-16. The Grid of "RREEF' Web site 
To summarize, the design of "RREEF' meet every requirement considered to be 
important in designing a simple and consistent Web site. It is able to convey the infonnation 
to its target users effectively. In addition, the artistic effect of this Web site is also enhanced by 
the carefully designed images, icons, labels, and color palette. By all standards, the design of 
"RREEF' is a successful design. 
B. Analysis of Experimental Web Site Design 
The author has successfully designed several Web sites for different clients. A 
substantial experience has been accumulated in accomplishing these projects. One of the 
author's motivations to write this thesis is to rationalize somewhat intuitive experiences and 
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bring the design to a higher level. In the process of writing the thesis, the author has been 
exposed to numerous design principles and excellent designs as well. In this section, the 
author will analyze the proposed Web site using the design strategy and principles being 
established in the previous chapters. 
1. Process and Information Design Development 
Defining the project, user, and organizing the content into an information structure are 
essential for an affective Web site design. The objective of this stage of design is to have 
clearly expressed goals, a well-defined audience, and a focused design plan. 
a. Defining the Purpose and Users 
The proposed Web site is the self-promotion of the author oriented at pursuing a 
designer's position in a multimedia design firm to start a professional career. The most 
important task of this Web site is to present the author's professional skill in graphic design 
discipline. Other factors such as the author's personality, leadership and social skills are not 
emphasized. 
The target users will be professional designers, art directors, and project managers in 
multimedia design firms. The users are actually the willing employers who have a professional 
knowledge and deep insights of design work. The URL of this site will be given to the 
perspective employer in a printed resume. It should be noted that the target user normally have 
high-end computers with high transmission speed, very likely a Macintosh since, according to 
a recent survey, 82% graphic designers use Macintosh computers in their work (Tieken et al 
1997, p. 35). 
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b. Planing and Organizing the Content 
First, a detailed list of content for the Web site is generated in order to build a valid 
infonnation structure. The following is the infonnation the author wants to present on the Web 
site: education, working experience, computer skill, E-mail address, address, reference, 
personal interest, and design work in poster, typography, package, layout, interface, logo, 
corporate identity, painting, animation, and Web site design. The infonnation is grouped into 
five categories as shown in Table 5-10. 
Another common way to present infonnation is to adopt chronicle sequence. This 
method is effective if the infonnation is large yet within a single category, and has an inherited 
time sequence. For a Web site presenting the artwork of an established designer, this method 
Table 5-10. The groups of infonnation 
Resume Portfolio Reference Interest E-mail Me 
education poster name & title music E-mail address 
computer skiII typography address hiking 
working experience package telephone gardening 
address iIIustration E-mail address 
honors interface 
activities logo 
publication corporate identity 
art exhibition painting 
animation 
Web site 
cover 
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might be appropriate. However, in the current case, the target user might only be interested in 
the current design skill instead of an exhibition showing the growth of the designer. 
The arrangement of these groups has a direct impact on the accessibility of the 
information. Two information structures are proposed: top-down scheme (see Figure 5-17) 
and hierarchical scheme (see Figure 5-18). The top-down information structure makes the 
searching of the demanded information more complicated. It does not take the full advantage 
of the hyper link function and makes the navigation too narrow and linear. The author uses the 
hierarchical one as the main structure to arrange the content of this Web site. The .. E-mail Me" 
has become one of the five main categories even though the E-mail function is also available in 
the "Resume", since the quick and easy access to this function is very important. 
Figure 5-19 shows the hierarchical structure in details. It is a clear, easy-to-follow 
specification of topic categories, levels, and links on this Web site. On the first Web page, the 
user meets the five main categories, which instantly indicate the major contents of this Web 
site. These five categories are also interconnected. The user can jump directly from one 
category to another. The "Portfolio" contains the author's artwork in different fields. All these 
fields are on the same level of the information hierarchy. The user can jump back and forth 
among them as well as among the five main categories. 
I Homepage I 
/1~ I Portfolio I I Reference I I My Interest I I E-mail Me I 
Figure 5-17. Top-down structure 
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Homepage 
I Portfolio I I Reference I I My Interest I I E-mail Me I 
~~~~ 
Figure 5-18. Hierarchical structure 
This categorization of information failed further scrutiny. On a self-promotion Web 
site, "Resume" and "Portfolio" are evidently the major categories. "Reference" can be included 
into the "Resume". "My Interest" could be a valid category if the content is important and 
interesting enough to make it a peer of "Resume" and "Portfolio". 
Figure 5-20 shows the information structure the author adopts after the critique of 
previous proposals. The information is grouped into "Resume" and "Portfolio". The 
"Portfolio" also contains the second level subcategories: "Electronic Media", "Graphic 
Design", and "Fine Art". The addition of this level gives a better overview of the scope of the 
author's artwork. The "Resume" is divided into several pages titled "Objective", "Education", 
"Working Experience", "Computer Skill", "Publication", "Art Exhibition", "Reference", and 
"for Print". These divided pages give more detailed information about the author's 
professional skills. "Resume for Print" is a simplified version of the resume designed to be 
printed out for the viewer record. This structure is simpler, clearer and more focused. 
address 
education 
computer skill 
working experience 
reference 
b 
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title hiking 
E-mail address gardening 
address 
c 
b 
c 
b b 
c 
Figure 5-19. The detailed hierarchical structure 
2. Navigation Design 
Logo & Identity 
a 
b 
Designing the navigation, types of interaction, and visualizing them are goals of the 
design work at this stage. Interactive media should grant the user more control over their 
tasks. The design of navigation and interaction shall focus on this and be clear and intuitive. 
a. Designing the Navigation 
The function of first page (homepage) is to provide the users the orientation of this Web 
site, but not the overwhelming amount of details. It should also be an attention-grabber which 
attracts users' interest and lead them into further Web browsing. 
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IE-mail Me I 
Figure 5-20. The final version of information structure 
The navigation design of this site keeps the user aware of their location, destination, 
and provides both logical and intuitive tools to commute between them on every page. The 
information flow chart (see Figure 5-20) shows the structure of this Web site. On the 
homepage, users are given two choices: "Resume" and "Portfolio" (see Figure 5-21). The 
labels of all information categories are presented on every page other than the Homepage. 
Users can go anywhere on this site by just one click. It greatly shortens the navigation path 
and reminds the user of their location as well as destination. On the "Portfolio" and "Resume" 
default pages, two navigational pathways are available: one is the labels which link to the 
required information, the other is the image map (see Figure 5-22,5-24). The image map 
consists of images representing each category under both "Portfolio" and "Resume". When the 
user points to the image, a label pops up and gives the title of its corresponding category. 
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h. Defining the Interaction 
The use of interaction depends on the purpose and content of the Web site. This Web 
site is designed to present the author's design skills. Based on this purpose, some of the 
interaction methods are not applicable here, such as the information database search, form, or 
chat. Only two interactive tools are used: 1) E-mail function which is necessary to establish a 
contact with potential employers, and 2) mouse-move-over and text-pop-up function which 
gives the user not only explanatory text to assist the navigation, but also some excitement in 
their interaction with the computer. 
3. Designing the Visual System 
It is recognized that the simple and consistent design of a visual system is crucial in 
establishing an effective communication. The visual design of this Web site follows these 
principles. It adopts only a few visual elements to keep the visual appearance simple and 
consistent. However, the current design goes beyond simplicity and consistency and uses the 
visual element to reinforce the information hierarchy and assist the navigation. The artistic 
aspect of the visual design is not emphasized although the design of Homepage and the image 
maps are artfully done (see Figure 5-21,5-22,5-24). The functionality of the visual element is 
the focus of the current discussion. 
a. Text 
As we mentioned in Chapter 4, serif typefaces help to identify individual letters and can 
facilitate horizontal flow of reading, yet they may break up the uniformity of the page, while 
san serif can be used for display and advertising purpose. Therefore, san serif fonts are used 
in the titles and labels on this Web site, while the serif font is used in the hypertext (see Figure 
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Figure 5-21. The " Homepage" of the proposed Web si te 
Figure 5-22. The default page of "Resume" 
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Figure 5-23. The "Education" page under "Resume" 
Figure 5-24. The default page of "Portfolio" 
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o Netsc.pe: ShanShln CUI's pOrtfOliO 
Figure 5-25. The fust "Poster" page under "Portfolio" 
o Netsup,,: Shanshan Cul'S portfOliO 013 
Figure 5-26. The bigger view of the first "Poster" page 
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5-23,5-25). The contrast between these two kinds of typeface reinforces the clarity of the 
different functions of the label and text. 
h. Metaphor 
On the homepage the images of mountain and water are used as the metaphors (see 
Figure 5-21). There are several conceptual reasons to use them. "Shan", the first name of the 
author means "mountain" in Chinese. The mountain represents the strength, endurance, and 
greatness in Chinese culture. Water brings life to the mountain. Nowadays, people refer the 
huge amount of information as "information sea" and "navigate" in it. The labels are placed 
under the water and become blurred. When the mouse moves over the label, it lights up. Thus 
the process of navigation also becomes an adventure, a process of discovery. 
Metaphors are also used in image maps. For instance, on the "Resume" page (see 
Figure 5-22), the image of College of Design at Iowa State University bathing in the sun light 
represents the author's institutional education; a spiral wire resembling a target leads the user to 
the author's objective statement on the resume; a computer keyboard stands for the author's 
computer skill, etc. The use of metaphors in the image map gives the user intuitive guidance. 
c. Color Palette 
Since the purpose of this Web site is to present the design works of the author, the 
focus should be the design works, and the color of the interface shall not distract the user. The 
color palette of this site is simple. The dark blue is chosen as the background color which is 
consistently used on this site. The color of text is slightly yellow, which is a contrasting color 
of blue. This simple color combination builds a harmonic color contrast. This color palette let 
the viewer concentrate on the author's design work. 
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d. Hierarchy and Grid 
A grid system is used to accommodate all the visual elements in this Web site. The size 
of the display area is defined as 548-pixel wide on the entry page. The rest of the Web pages 
are divided into three frames to present three groups of infonnation. The left side frame is set 
to 148-pixel wide which exhibits the navigation and E-mail labels. There are two frames on the 
right side of the screen. The top frame (390-pixel wide) is used as the main display area. The 
frame on the bottom has a height of 40-pixel. It presents the main labels "Resume" and 
"Portfolio" . 
The composition and size of these frames help to establish a visual hierarchy. The 
biggest frame is used to display the design work and infonnation of the author. The left side 
frame works very well to present the lists of the infonnation subcategories. Sine this frame is 
right by the main display area, it is very convenience to access these navigation icons. The 
switch between "Resume" and "Portfolio" is also very important to the navigation. This 
function is organized in the bottom frame which is very consistent with its location on the 
Homepage. The navigation icons in the left side frame are also organized to fonn a visual 
hierarchy. For instance, "Portfolio" is divided into three categories: "Electronic Media", 
"Graphic Design", and "Fine Art" represented by three labels. After users click one of them, 
they get the titles of its subcategories in plain text labels. 
To summarize, both information design and visual presentation design of the Web site 
strictly follow the principles of simplicity and consistency which are developed in the previous 
chapters. Yet the design goes far beyond that. The visual elements are carefully designed to 
facilitate the navigation, they are also artfully synthesized to give an excellent visual effect. It 
makes the browsing of this site an aesthetic experience. 
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CHAPTER 6 - CONCLUSION 
The discipline of graphic design was generated with the development of communication 
technology and is continuously reshaped by it. The application of multimedia in visual 
communication poses challenges to graphic designers and, at the same time, provides great 
opportunities. Web site design, as one of the new area in visual communication design, surely 
will be the focus of more and more studies. 
In this thesis, the author studied the history and current technology of the Internet and 
WWW, as well as the behavior of Web users. Based on these studies and knowledge of visual 
communication, the design principles and guidelines for Web site design were proposed. It is 
suggested that simplicity and consistency are the major characteristics of a Web site that enables 
the effective conveyance of information to the target users. To achieve effective 
communication, information should be grouped and placed into a hierarchical information 
structure, and utilization of contrast, reduction, repetition, and metaphor are particularly 
important in visualizing the conveying information. The author designed one Web site 
following the design guidelines suggested in this thesis. Major design considerations and 
decision-making is explained. 
The technology and innovations have already changed since this thesis was begun. It is 
imperative that future investigations rely on the clear method and understanding of 
communication principles in addition to technological advances. The author believes that the 
methodology and evaluation matrix will prove useful to future investigators in the fast growing 
multidisciplinary field of Web site design. 
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